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This  book  presents  the  principles  of  organizing  airport  construc¬ 
tion.  It  describes  preparatory,  earth-moving  and  agricultural  opera¬ 
tions  and  shows  the  construction  of  the  water  drainage  network. 

An  extensive  description  is  given  of  the  types  of  airport  pave¬ 
ments  and  of  the  methods  of  constructing  them. 

Recommendations,  based  on  study  of  advanced  experience  of  airfield 
construction  organizations,  are  given  about  adapting  the  cost  effective 
methods  for  executing  the  work  with  maximum  utilization  of  mechaniza¬ 
tion  facilities. 

TMs  book  was  written  for  use  by  engineers  and  technicians. 


FOREWORD 


In  connection  with  the  continuous  development  of  air  transporta¬ 
tion  in  the  USSR,  the  volume  of  airport  construction  increases  with 
each  year. 

Air  transportation  of  passengers,  due  to  the  adaption  of  high  speed, 
large  seating  capacity  Jet  and  turboprop  aircraft  will  Increase  by  a 
factor  of  more  than  6  In  the  [next]  seven  years. 

The  construction  workers  successfully  fulfill  the  plan  for  rebuild¬ 
ing  and  building  airfields,  equipped  with  modem  aircraft  handling  fa¬ 
cilities  and  for  extending  the  network  of  airports  of  local  air  routes, 
laid  out  by  the  CFSU. 

On  the  basis  of  domestic  and  foreign  experience,  the  Soviet  air¬ 
port  builders,  equipped  with  high-productlvlty  equipment,  increase  with 
every  year  the  rates  of  airport  construction,  constantly  Improving  the 
quality  of  work  and  decreasing  Its  cost. 

This  book  has  made  an  attempt  to  correlate  the  leading  experience 
of  airport  building  organizations  and  Innovators  in  adapting  effective 
methods  for  perforating  Individual  kinds  of  operations,  advanced  working 
procedures  with  maximal  utilization  of  mechanization  facilities  and  pro¬ 
gressive  Implements  and  tools. 

The  authors,  in  presenting  methods  and  procedures  for  performing 
Individual  types  of  airfield  construction  operations  which  have  been 
proved  In  actual  practice  have,  also,  tried  to  illuminate  procedures 
for  working  with  machines  and  equipment  which  are  assimilated  by  our 
Industry  and  are  beginning  to  be  adapted  to  the  practice  of  work  of  alr- 
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field  construction  organizations. 

The  book  gives  the  procedures  for  building  take-off  and  landing 
strips  (VPP)  [runways],  taxlways  (RD),  single  aircraft  (IS)  and  termi¬ 
nal  site  aprons,  ground  strips,  water  regulating  and  drain  installations. 
The  construction  of  simplified,  refined  and  asphaltic  concrete  pave¬ 
ments  is  presented  in  a  very  compact  form,  since  these  types  of  opera¬ 
tions  are  sufficiently  Illuminated  in  technical  literature  devoted  to 
the  construction  of  automobile  roads. 

The  foreword.  Chapters  1,  2,  9,  10  and  11  were  written  by  engineer 
A.  A.  Gerberg  and  Chapters  3-8  are  due  to  engineer  A.S.  Osipov. 

The  authors  consider  it  their  obligation  to  express  their  deep  ap¬ 
preciation  to  engineer  M.S.  Gurarye  for  useful  advice  and  remarks  in 
preparing  the  work  for  publication. 

We  ask  that  remarks  and  requests  should  be  sent  to:  Moscow,  1-92, 
Sretenka,  27/29,  Avtotranslzdat  [Publishing  House  for  Automobile  Trans¬ 
portation  Literature]. 
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Chapter  1 
PREPARATORY  WORK 

1.  PURPOSE  AND  COMPOSITION  OF  PREPARATORY  OPERATIONS 

Operations  which  are  performed  in  order  to  assimilate  and  prepare 
the  construction  site  proper*  ase  classified  as  preparatory.  They  should 
be  executed  strictly  on  schedule*  thus  ensuring  noxmal  development  of 
performance  of  basic  airfield  construction  operations*  i.e.  earthmovlng, 
for  constructing  the  water  draining  network  and  pavements,  etc. 

Preparatory  operations  include:  stacking  out  the  layout  on  loca¬ 
tion;  pulling  of  stumps*  relllng  trees  and  hauling  out  the  timber;  re¬ 
moval  of  stones*  clearing  the  site  of  brushwood  and  small  trees;  removal 
of  peat  and  moss*  cutting  off  of  hillocks;  breaking  up  and  removal  of 
old  pavements;  removal  of  existing  structures  and  utility  networks;  pre¬ 
liminary  dewatering  the  construction  site. 

A  modem  airport  occupies  a  large  area*  as  large  as  500  hectares 
and  more.  It  is  completely  obvious  that  it  is  practically  Impossible  to 
find  a  land  mass  of  the  necessary  size  which  would  not  require  prepara¬ 
tion.  As  a  rule*  in  preparing  the  construction  site*  one  encounters 
different  kinds  of  land  clearing  work*  the  volume  and  character  of  which 
depend  on  local  conditions. 

Construction  of  airports  in  the  northern  woodland  regions,  even  on 
good  sites*  require  a  large  volume  of  land  clearing  work  of  all  kinds* 
while  work  in  steppes  region  does  not  require  felling  of  trees*  pulling 
of  stumps*  dewatering*  etc. 

Sensibly  performed  land  clearing  work  has  a  considerable  Influence 
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on  decreasing  the  labor  time  required  and  the  cost  of  construction 

i 

I  work. 

|  All  land  clearing  work  should  be  perforated  In  accordance  to  spe¬ 

cific  engineering  plans,  providing  for  proper  organization  of  work, 
most  efficient  placement  of  equipment  and  sequence  of  operations. 

!  2.  STAKING  OUT  THE  SITE 

S 

Procedures  for  Staking  Out  the  Site 

Staking  out  the  site,  consists  In  marking  off  and  staking  out  at 
the  site,  of  axes  and  contours  of  runways,  taxlways,  terminal-site  and 

i 

Individual  aprons,  the  route  of  the  water  drainage  network,  airport 
structures  and  approach  roads.  The  boundaries  of  land  clearing,  earth 
moving  and  other  airfield  construction  operations  sections  are  also 

j  marked  on  the  site. 

i 

: 

The  airport  plan  can  be  staked  out  In  parts.  In  accordance  with 

i 

. 

i  the  established  construction  sequence. 

The  starting  materials  for  staking  out  the  site  are: 

1.  Schemes  of  planned  grounding  and  position  of  surveying  monuments. 

2.  Working  drawings  for  staking  out  the  site  (marking  drawings). 

3.  Documents  giving  the  coordinates  and  elevations  of  corner  points 
and  land  monuments. 

The  scheme  of  planned  grounding  and  positioning  of  surveying  monu¬ 
ments  gives  all  geodetic  symbols  and  their  numbers,  the  length  of  the 
sides  of  the  reference  network,  the  values  of  [comer]  angles  and  the 
elevations  of  land  monuments. 

The  marking  drawing  is  a  scheme  of  individual  subsections  of  the 
plan,  for  example,  the  layout  for  marking  off  of  runways,  taxlways, 
aprons,  marking  the  boundaries  of  earth  moving  operations  and  of  the 
drainage  system. 

The  marking  drawing  presents  all  geodetic  data  about  staking  out 


the  site.  The  marking  drawing  for  runways,  taxiway s  and  aprons  Is  drawn 
to  a  1:2000  scale. 

After  the  plan  Is  studied,  the  first  stage  of  staking  work  con¬ 
sists  In  detailed  checking  and  restoration  of  the  existing  geodetic  re¬ 
ference  network. 

The  checking  Is  done  by  going  past  each  control  point  of  the  re¬ 
ference  network  and  comparing  them  with  the  plan.  This  inspection  tour 
also  Includes  conformance  of  the  points  on  the  drawing  to  the  locality 
landmarks  and  marking  off  of  control  transit  and  level  lines  along  the 
reference  network  which  would  provide  positive  checking  of  all  eleva¬ 
tions  of  all  basic  monuments,  from  which  surveying  work  will  be  perform¬ 
ed.  All  shortcomings  of  the  reference  network  that  are  found,  should  be 
eliminated.  The  results  of  the  inspection  are  recorded  in  the  act  of 
accepting  the  reference  network. 

After  the  reference  network  was  checked  and  restored,  the  longitu¬ 
dinal  axes  of  runways,  taxiway s  and  individual  aprons  are  marked  off 
and  staked  out.  The  precision  with  which  the  design  values  for  airport 
structures  are  marked  off,  should  conform  to  category  IV  leveling  in 
case  of  elevations  and  to  the  precision  of  transit  lines  in  the  plane. 
The  height  deviation  should  not  exceed  +  15  VL  mm,  where  L  is  the  length 
of  line,  or  the  perimeter  of  the  polygon  in  kilometers.  The  angular  de¬ 
viation  In  a  closed  polygon,  or  of  an  individual  line,  should  not  ex¬ 
ceed  +  1.5  t  4n,  where  t  is  the  precision  of  the  instrument  and  n  is 
the  number  of  angles  in  the  polygon  or  in  the  line.  The  linear  deviation 
of  a  line  and  also  the  difference  in  distances  measured  when  proceedin 
in  the  forward  and  reverse  direction,  should  not  exceed  1/2000  of  the 
length  of  the  line.  The  lines  are  usually  marked  off  by  20  or  24  meter 
steel  ribbons,  checked  with  a  standard,  in  the  forward  and  reverse  di¬ 
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Staking  Out  on  the  Site  of  Runway,  Taxiway  and  Apron  Center  Lines 

Center  lines  of  installations  are  staked  out  on  the  site  by  types 
I,  II  and  II  land  monuments  (Fig.  1). 


I  9  '9 


Fig.  1.  Types  of  land  monuments. 

I  1)  Pipe;  0.  Pr.  the  elevation  of 

the  depth  to  which  the  soil  freezes. 

i 

i 

i 

When  staking  out  the  site  for  pavements*  center  lines  are  marked 

! 

off  first  and  then,  all  cross  sections  are  taken  and  staked  out.  Subse- 

\ 

] 

quentiy,  in  the  process  of  constructing  the  subfoundation  channel,  the 
foundation  and  pavements,  the  network  of  points  is  made  denser  as  the 
necessity  arises. 

The  runway  center  line  is  staked  out  by  placing  two  type  I  markers 
on  each  side  -  a  total  of  four  markers  (Fig.  2). 

The  distance  between  markers  is  determined  depending  on  the  local 
conditions  as  100-150  and  250-350  meters. 

In  addition  to  the  center  line,  the  beginning  and  the  end  of  the 
runway  is  also  marked  off  by  placing  type  III  markers. 

Staking  out  of  the  center  line  of  group  stand-by  aprons  and  termi¬ 
nal-site  aprons  does  not  differ  from  the  staking  out  of  runways.  The 
cen:?r  lines  of  individual  stand-by  aprons  are  staked  out  by  type  II 
markers,  which  are  placed  to  each  side  of  the  apron  at  a  distance  of 
100-150  meters  of  their  outside  limits  (Fig.  3). 

Additionally,  in  case  the  main  monuments  are  damaged  and  also  for 
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Pig.  2.  Scheme  for  staking  out  the  center  lines 
of  runways  and  taxlways.  a)  Type  I;  b)  type  II; 

e)  type  HI;  d)  taxiway  axis;  e)  runway  axis; 

f)  meters;  g)  type  H  monuments;  h)  working  mo¬ 
numents  with  fencing;  1)  runway  (apron);  J j  di¬ 
rectional  markers  (type  III). 

checking  In  the  process  of  work,  type  II  markers  are  placed  every  200 

meters  parallel  to  the  runway  center  line 
(see  Pig.  2). 

Prior  to  commencement  of  airport  construc¬ 
tion,  the  land  boundaries,  which  will  serve 
as  the  airport  boundaries,  should  be  staked 
out. 

The  land  boundaries  are  established  by 
a  cormnlsslon  with  the  participation  of  the 
authority  taking  possession  and  representa¬ 
tives  of  local  land  authorities.  The  commis¬ 
sion  compiles  documents  of  gounds  (grazing  lands,  gardens,  forests), 
condemned  for  airport  construction  and  also  a  document  of  Installations 
being  removed,  attaching  a  plan  and  their  detailed  description.  The  air¬ 
port  boundary  Is  marked  off  by  landmarks  which  consist  of  small  concrete 
piles,  placed  at  the  vertices  of  corner  angles  and  on  straight  sections, 
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Pig.  3.  Scheme  for 
staking  out  Indivi¬ 
dual  aprons.  1)  Taxi- 
way  center  line;  2) 
apron  center  line; 

3)  type  II. 


MMl 


If  the  distance  between  angle  vertices  is  greater  than  300-400  meters. 

In  staking  out  the  site  (in  placing  stakes  and  control  line),  a 
field  book  is  kept  In  which  a  record  is  made  of  all  local  conditions 
which  were  not  reflected  in  the  plan  (local  marshy  patches,  the  ground 
water  level,  etc.)  and  also  of  changes  which  took  place  since  the  sur¬ 
veying  till  the  beginning  of  work. 

Staking  out  of  the  site  is  a  critical  stage  of  operations,  for  which 
reason  its  results  are  made  fonnal  by  an  act  which  is  signed  by  the  re¬ 
presentatives  of  the  construction  organization  and  of  the  technical 
supervisor  of  the  airport  operating  authority.  The  act  should  be  supple¬ 
mented  by  the  execution  scheme,  showing  the  staking  layout  lor  center 
lines  of  runways,  taxlways,  aprons  and  other  structures,  giving  the  lo¬ 
cation  of  all  Installed  monuments  and  actual  data  about  their  coordinate 
relationship  to  the  reference  surveying  grid  network.  The  act  also  giv- 
j  es  the  procedures  according  to  which  checks  were  made  and  the  deviations 
|  thus  found. 

j  The  staking  out  of  the  earth  moving  plan  starts  with  checking  and 

! 

restoration  of  the  leveling  grid  of  squares  40  x  40  (20  x  20)  meters. 

The  square  grid  network  usually  must  be  staked  out  anew.  This  is  done 
by  using  a  transit  and  a  200  meter  cable,  starting  from  the  vertices  of 
the  square  grid  network  (400  x  400  meters).  The  square  grid  network 
(40  x  40  meters)  is  restored  only  at  the  earth-moving  sections. 

After  the  square  grid  network  has  been  restored,  the  contours  of 
cuts  and  fills  are  staked  out  by  placing  wooden  pegs  painted  with  bril¬ 
liant  colors  along  the  perimeter. 

The  elevation  of  the  design  surface  is  staked  out  by  stakes  which 
are  placed  In  the  nodal  points  of  the  40  x  40  meter  grid  network  and 
also  at  characteristic  intermediate  points.  Guarding  pegs  are  placed 
alongside  the  stakes.  The  actual  difference  between  the  top  of  the  stake 
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and  the  ground  surface,  will  give  the  working  elevation  at  the  given 
point. 

In  fills,  the  stakes  will  rise  above  the  ground  level,  while  In 
cuts,  conversely,  they  will  he  sunk  below  the  level. 

When  the  cut  depth  Is  considerable  and  a  large  amount  of  earth- 
moving  work  is  performed  by  machines.  It  is  recommended  that  first  holes 
should  be  dug  In  the  nodal  points  of  the  square  grid  network,  approxi¬ 
mately  till  the  design  elevation  and  then  be  filled  with  sand,  lime  or 
other  materials,  which  contrasts  sharply  with  the  color  of  the  soil 
being  moved,  rather  than  to  place  stakes.  When  about  20-25  cm  remains 
to  the  design  elevation,  the  stakes  are  placed  and  the  surface  of  the 
airfield,  till  thedeslgn  elevation  Is  reached.  Is  excavated  according 
to  than.  Ranging  rods  are  used  for  staking  out  the  earth-moving  opera¬ 
tions  In-between  the  grid  nodal  points. 

3.  REMOVING  STOMPS 

General  Information  and  Composition  of  Operations 

In  a  number  of  cases,  clearing  of  land  fox*  au  airfield  requires 
mass  removal  of  stumps.  This  work  Is  very  labor- consuming  and  should  be 
entirely  mechanized.  The  stumps  are  removed  first  at  areas  of  subsequent 
cuts  and  zero  markers. 

After  removing  stumps,  the  holes  In  fill  and  datum  level  cmt  urs 
are  filled  with  earth,  the  destumped  areas  are  plowed  and  the  roots  are 
removed  by  harrows  or  rippers. 

The  force  needed  for  uprooting  a  stump  depends  on  the  nature  of  the 
tree,  the  time  elapsed  since  the  tree  was  felled,  stump  dimensions,  the 
cohesion  of  the  soil  and,  also,  on  the  stumping  method.  The  pulling  for¬ 
ce  required  for  removal  of  stumps  can,  for  approximate  calculations,  be 
taken  from  Table  1. 

The  spring  period,  when  the  thawed-out  soil  Is  highly  moist  and 
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TABLE  1 
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A)  Stumps;  B)  stump  diameter,  cm;  C)  pulling 
force  for  stump  removal  In  the  horizontal 
direction,  tons;  0)  birch;  E)  fir;  F)  aspen. 


j  also  summer  and  autumn  In  the  rainy  period  when  the  soil  Is  moist,  are 
j  most  favorable  for  removing  the  stump's  root  system  from  the  soil. 

The  composition  of  work  Involved  In  clearing  the  section  from 
stumps  Includes  pulling  the  stumps,  their  removal  and  extraction  of  roots 
which  remain  In  the  soil  and  filling  the  holes. 

Stumps  are  removed  by  stump  pulling  and  picking  machines,  stump 
j  pulling  machines,  bulldozers,  stumping  winches,  tractor  pull,  special- 

I 

$ 

|  ly  equipped  excavators  and  blasting. 

i 

Stump  Removal  by  Stump  Pulling  and  Picking  Machines,  Stump  Pullers  and 
Bulldozers 

The  D-210G  stump  pulling  and  picking  machines  (previously  produced 
with  the  designation  D-210V)  and  the  D-210B  and  D-210A  stump  pulling 
and  picking  machines,  whose  technical  characteristics  are  given  in  Table 
2,  are  extensively  used  for  clearing  the  construction  area  of  stumps. 

When  performing  stumping  operations,  these  machines  are  capable  of 
simultaneously  delivering  forces  In  the  horizontal  and  vertical  direc¬ 
tions,  which  results  in  high  outputs.  The  D-210G  and  D-210B  stumpers 
are  used  for  removing  fresh  stumps  more  than  25-30  cm  in  diameter.  The 
D-210A  stump  pulling  and  picking  machine  is  sued  for  stumping  of  medium 
and  small  size  stumps. 

To  Increase  the  productivity  and  improve  the  quality  of  work  in 
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A)  Basic  technical  characteristics;  B)  Indica¬ 
tors  for  stump  pulling  and  picking  machine 
brands;  C)  D-210A;  D)  D-210B;  E)  D-210G;  F) 
width  of  coverage,  mm;  G)  height  of  blade  with 
teeth,  mm;  H)  number  of  teeth,  pieces;  I)  dis¬ 
tance  between  tooth  centers,  mm;  J)  greatest 
depth  of  penetration  of  blade,  mm;  kT  overall 
with  tractor;  L)  length;  M)  width;  N)  height; 
0)  weight  with  tractor,  kg. 


stump  removal  by  the  D-21QG  stumper,  use  is  made  of  special  root-cutting 
knives  (designed  by  T.S.  Borshchev),  which  are  Installed  Instead  of  the 
two  extreme  teeth  on  the  stumper  blade. 

The  root  cutters  are  100  mm  longer  than  the  standard  teeth  and 
are  Installed  at  a  smaller  angle  with  the  horizontal,  due  to  which  des¬ 
pite  low  penetration  by  the  [main]  blade,  they  efficiently  cut  the  roots 
thus  facilitating  the  stumping  work. 

The  team  needed  for  stumping  using  a  stump  pulling  and  picking  ma¬ 
chine  of  three  workers,  made  up  of  the  tractor  operator,  assistant  and 
helper.  The  average  productivity  when  removing  stumps  30-40  cm  in  dia¬ 
meter  Is  200-250  pieces  per  shift. 

Work  In  dry  valleys  and  swampy  soil  is  done  by  the  M-6  stump  pul¬ 
ler,  which  consists  of  equipment  mounted  on  the  DT-54  tractor. 

Large  stumps  can  be  pulled  by  the  K-1A  machine,  whose  vrorklng  ele¬ 
ment  is  mounted  on  an  S-80  tractor  and  consists  of  two  double-am  teeth 
and  two  collector  teeth. 
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Stump  pulling  by  a  bulldozer  almost  does  not  differ  from  stumping 
by  stump  pulling  and  picking  machines. 

It  Is  recommended  that  heavy  bulldozers  be  used  for  stumping  and 
light  bulldozers  be  used  for  wlndrozing  the  stumps.  The  average  produc¬ 
tivity  of  a  bulldozer  is  200  stumps  per  shift. 

Special  fixtures ,  which  are  mounted  on  the  bulldozer  blade  are 
used  for  increasing  the  productivity  for  high- volume  work.  These  devices 
Include  the  stumping  hoe  and  stumper.  The  designs  of  these  devices  arc 
simple  and  they  can  be  made  in  the  construction  site  workshop. 

The  stumping  hoe  Is  comprised  of  a  sharpened  steel  strip  35-90  cm 
wide  and  weighing  150-360  kg,  mounted  in  the  middle  of  the  bulldozer 
blade.  First,  the  sharp  edge  of  the  hoe  undercuts  the  stump  roots  at  a 
depth  of  25-30  cm  and  then,  the  hoe  is  liftec  and  is  used  for  pushing 
the  3tump.  The  stump  Is  overturned  and  pushed  away  by  the  forward  mo¬ 
tion  of  the  tractor. 

The  stumper  consists  of  four  cutters  fastened  to  the  pushing  frame 
of  the  bulldozer.  The  extreme  cutters  serve  to  destroy  the  root  system 
of  the  stump.  For  this  purpose,  their  forward  edges  are  provided  with 
vertical  blades.  The  wedge- shaped  two  middle  teeth  extract  the  stumps. 
The  equipment  productivity  is  up  to  300  stumps  per  shift. 

Stump  Removal  by  Stump  Fulling  Winches  and  by  the  Tractor  i  11 

When  the  work  volume  is  large,  the  use  of  winches  In  stumping  ope- 
•  rations  has  a  number  of  advantages  in  comparison  with  stump  pulling  ma¬ 
chines.  When  stump  pulling  by  winches,  it  is  not  necessary  to  drive  over 
to  each  stump  and  a  considerable  area  can  be  cleared  from  a  single  stand 
A  winch  equipped  with  a  working  cable  180-200  can  clear  an  area  of  up 
to  5-7  hectares.  In  addition,  the  winches  are  used  for  collecting  stumps 
into  piles. 

The  tractor  with  a  winch  is  placed  at  a  section  from  which  a  maxi- 
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sal  number  of  stumps  could  be  pulled  without  change  in  position.  The 
emplacement  is  cleared  of  undergrowth,  small  stumps  and  brushwood. 

When  pulling  stumps  more  than  35-40  in  diameter,  the  tractor  with  the 
winch  should  be  fastened  to  a  strong  stump  by  a  short  cable.  When  pul¬ 
ling  large  stumps  and  stumps  of  recently  felled  trees,  the  pulling  cable 
is  connected  vo  a  short  cable  by  a  system  of  transfer  pulleys.  The  team 
consists  of  4-5  people,  i.e.  the  tractor  operator  and  3-4  helpers. 

Stumps  are  removed  by  tractor  pull  when  the  work  volume  Is  small 
and  when  no  other  equipment  is  available.  The  cable  used  here  is  10-12 
meters  long  and  20-25  mm  In  diameter  and,  upon  completion  of  work.  It 
should  be  stored  In  a  dry  place  and  lubricated. 

When  pulling  stumps  by  excavators,  use  is  made  of  all  kinds  of 
stumping  grips,  which  are  installed  instead  of  the  other  working  equip¬ 
ment.  Excavators,  in  addition  to  stumping,  can  be  used  for  shaking  the 
soil  of  the  stump  roots  and  also  for  windrowing  the  uprooted  stumps  of, 
for  loading  them  onto  transportation  facilities.  As  a  result  of  mecha¬ 
nization  of  several  processes,  the  productivity  of  excavators  in  stump¬ 
ing  work  is  much  higher  than  that  of  other  stumping  machines. 

Stump  Blasting 

The  method  of  stump  removal  by  blasting  can  be  used  at  any  time  of 
the  year,  but  it  is  most  effective  during  the  winter  and  when  the  sec¬ 
tion  contains  stumps  more  than  35  cm  in  diameter. 

The  blasting  method  is  simple,  its  productivity  is  high  and  does 
not  require  complex  equipment.  When  the  work  is  properly  organized,  the 
stump  is  removed  completely.  The  effect  of  the  explosion  depends  on  the 
weight  of  the  charge,  the  depth  at  which  it  is  planted  and  the  property 
of  the  wood. 

For  removing  the  stump,  the  charge  is  placed  beneath  its  center  at 
a  depth  of  1-1.5  stump  diameter  from  the  earth’s  surface  (Fig.  4).  A 
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soil  layer  not  less  than  20  cm  thick  should  be  left  between  the  stump 

A  blast  hole  up  to  10-12  cm  In  diameter 
is  drilled  for  the  charge  and  not  core  than 
l/3  of  its  length  should  be  charged.  If  the 
charge  cannot  be  contained  in  a  single  hole, 
then  two  holes  are  drilled.  The  charge  should 
adjoin  the  core  root. 

The  amount  of  the  explosive  charge  for 
stumps  of  freshly  felled  trees  is  calculated 

C— «ffc 

where  C  is  the  weight  of  the  charge,  grams;  £  is  the  amount  of  charge 
per  linear  cm  of  the  stump  diameter  and  D  is  the  cut  ciameter  of  the 
stump,  cm. 

Approximate  values  of  £  for  standard  strength  explosives  are  given 
in  Table  3- 


and  the  charge. 


Fig.  4.  Scheme  for 
placing  the  charge. 
1)  Charge;  2)  pack¬ 
ing;  3)  detonating 
pipe. 

by  the  formula 
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A)  Kind  of  wood;  B)  soil  types;  C)  marshy;  D) 
sandy;  E)  clayey  with  mixture  of  black  soil; 

F)  approximate  norm  of  consumption  of  explo¬ 
sives  for  stumps  of  recently  felled  trees  £ 
grams;  G)  spruce,  alder;  H)  pine;  I)  birch, 
lime. 

The  blast  holes  are  drilled  by  electric  drills  and  light-weight 
pneumatic  drilling  hammers. 

Electric  drills  EBR-1  and  EBR-2  are  recommended  for  drilling  holes 
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In  frozen  and  loamy  soils,  while  BM-17  perforators  should  be  used  in 
moist  and  sticky  soil.  Good  results  In  drilling  blast  holes  In  frozen 
soil  are  obtained  by  using  an  attachment  to  the  OMSP-5  Jack  hemmer.  The 
Jack  hammer  blade  Is  partially  flattened  out  and  split  In  half.  Then, 
the  ends  so  produced  are  Inserted  In  a  slit  made  for  this  purpose  in  a 
section  of  steel  pipe  and  are  welded  to  It. 

*  *  r* 

bhen  the  work  volume  is  small,  the  blast  holes  can  be  drilled  ma¬ 
nually.  Drilling  in  frozen  soils  is  most  expediently  performed  by  using 
a  Jumper  borers  or  heated  crowbars. 

Standard  strength  explosives,  such  as  TUT,  ammonite,  62-percent  dy¬ 
namite,  etc.,  are  used  for  stump  blasting. 

Due  to  its  simplicity,  the  fire  method  for  detonating  explosive 
charges  is  the  most  widely  used  of  all  available  methods. 

Prior  to  commencing  stump  blasting  operations,  a  table  of  charges 
is  drawn  up  in  accordance  with  stump  diameters.  Then  the  blaster  deter¬ 
mines  the  amount  of  explosive  from  the  table  for  each  stump  diameter  and 
records  this  amount  in  chalk  or  paint  on  the  stump,  in  grams,  prepares 
charges  of  the  required  weight  and  places  them  in  the  blast  holes.  In 
order  for  the  explosion  to  be  effective,  after  the  charge  is  placed,  the 
hole  is  thoroughly  packed  with  dry  sand  or  thawed  dense  soil.  The  length 
of  the  firing  cord  is  determined,  so  that  the  blaster  can  ignite  it  from 
a  safe  place. 

The  length  of  cord  for  that  stump  which  will  be  detonated  first  is 
150  cm,  this  being  decreased  by  5  cm  for  each  succeeding  stuup.  The  cord 
length  for  the  stump  detonated  last,  should  not  be  less  than  100  cm. 

After  10-15  stumps  have  been  prepared,  a  signal  is  given  for  the 
blasters  to  ignite  the  firing  cord.  The  number  of  blasters  is  determin¬ 
ed  depending  on  the  distance  between  stumps,  the  distance  from  shelter 
and  the  length  of  firing  tubes. 


The  stump  blasting  team  consists  of  5-6  workers  in  the  summer  and 
up  to  8  people  in  winter.  The  average  output  is  up  to  200  stumps  per 
shift. 

When  performing  blasting  operations,  the  basic  rules  of  safety  must 
be  strictly  observed: 

1.  Only  trained  workers  are  permitted  to  perform  blasting  work. 

2.  The  stump  removal  section  is  surrounded  by  poles,  or  fenced  off 
by  red  flags  with  appropriate  signs.  Signs  with  warnings  should  be  pla¬ 
ced  at  all  paths  and  roads  leading  to  the  blasting  site. 

3*  The  beginning  and  ?.*d  of  operations  is  determined  by  order  or 
signal  from  the  chief.  Before  charging  a  signal  is  given  which  requires 
everybody  to  seek  shelter,  or  to  move  away  to  a  safe  distance,  i. e.  not 
less  than  250  meters.  After  charging  ends,  another  signal  ..s  given  and 
the  firing  commences. 

4.  It  is  prohibited  to  set  fire  to  a  cord  which  was  once  ignited, 
but  then  extinguished. 

5.  The  blaster  should  keep  a  record  of  the  explosive  charges.  If 
any  charge  did  not  detonate,  then  only  the  senior  member  of  the  team 
may  approach  it  and  this,  not  earlier  than  after  15  minutes  after  the 
standard  detonation  time. 

6.  Smoking  when  working  with  explosives  is  prohibited. 

7.  Special  instructions  must  be  followed  when  performing  blasting 
operations. 

Removing  Stumps  and  Breaking  up  Roots  which  Remained  In  the  Soil 

The  pulled  out  stumps  are  collected  in  windows  and  piles  and  haul¬ 
ed  away.  Prior  to  removal,  the  soil  stuck  to  the  stump's  root  system 
should  be  shaken  off.  This  is  a  difficult  and  laborious  process. 

When  the  pulled  out  stumps  are  piled  by  the  M-o  machine,  or  by  the 
TSB-3  brush  collector  (designed  by  T.S.  Borshchev),  a  large  part  of  the 
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•oil  Is  shaken  off  and  further  removal  of  It  from  the  stumps  requires 
little  effort.  When  dragging  away  stumps,  the  f  01  ward  girder  of  the 
pushing  frame  of  the  M-6  machine  Is  equipped  with  six  teeth.  Extensive 
penetration  by  teeth  is  prevented  by  skis  fastened  to  the  lower  edges 
of  the  teeth.  The  width  of  the  working  coverage  of  the  M-6  machine  using 
6  teeth,  is  3  meters. 

When  piling  the  stumps,  the  M-6  machine  or  the  brush  collector  at 
the  same  time  also  uproot  small  stumps  and  individual  bushes.  The  brush 
collector's  root  cutters,  which  are  sunk  to  10-15  cm,  additionally  brake 
up  large  roots.  Several  passes  of  a  brush  collector  break  up  very  well 
any  roots  remaining  in  the  soil  at  a  depth  of  up  to  15  cm. 

The  roots  can  be  removed  from  the  soil  by  angular  (zig-zag)  passes 
of  the  D,l62  ripper. 

The  uprooted  stumps  are  piled  into  windrows  and  piles  by  stump  pul¬ 
lers  and  pickers,  bulldozers,  the  M-6  machine  or  the  TSB-3  brush  collec¬ 
tor.  When  stumps  have  to  be  moved  through  &  large  distance,  they  are 
hauled  away  on  sledge  scrapers,  or  special  tractor-drawn  trailers  with 
a  low  body. 

4.  LOGGING  AND  HAULING  MAY  THE  TREES 
General  Characterization  and  Logging  Methods 

The  land  area  assigned  for  an  airfield  can  contain  large  wooded 
areas  which  should  be  cleared.  Trees  situated  in  the  path  of  air  approaches 
and  which  are  obstacles  in  take-off  and  landing  f  aircraft,  are  felled. 

Trees  are  first  cleared  from  the  construction  site  and  then  from 
the  path  of  air  approaches. 

Prior  to  commencement  of  work,  the  locality  is  thoroughly  studied 
to  determine  the  density  of  trees,  their  species  and  diameters.  Classi¬ 
fication  of  forests  by  their  size  and  density  is  given  in  Table  4. 

The  following  methods  may  be  used  for  clearing  the  area  of  trees: 


TABLE  * 
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A)  Forest  density;  B)  forest  characteristics:  C) 
large,  d  *  32  cm;  0)  medium,  d  »  21-31  cm;  E) 

Mall,  J  *  16-23  cm;  F)  very  'small,  d  «  12-15  cm; 

0)  thin” trees,  undergrowth  and  brush:  H)  number 
of  trees  oer  1  hectare,  in  pieces;  I)  dense;  J) 
medium;  K)  thin* 

sawing  off  the  trees  with  subsequent  pulling  of  stumps; 

felling  the  trees  with  the  roots  [uprooting]. 

The  choice  of  a  method  depends  chi  a  number  of  factors,  primarily 
on  the  species  and  diameter  of  trees,  forest  density,  work  schedules  and 
the  availability  of  equipment.  Uprooting  of  trees  requires  less  force, 
since  the  weight  of  the  tree  trunk  and  top  will  facilitate  the  uprooting 
of  the  root  system.  It  is  difficult  to  uproot  densely  growing  trees, 
while  they  can  be  sawed  off,  this  being  true  not  only  of  sections  with 
densely  growing  trees,  but  also  for  trees  of  any  diameters  and  species. 

It  is  expedient  to  cut  trees  when  clearing  the  air  approach  strip,  which 
does  not  require  subsequent  pulling  of  stumps.  Cutting  the  trees  off, 
preserved  serviceable  timber,  which  is  used  subsequently  for  building 
purposes. 

Cutting  off  of  Trees  with  Subsequent  Pulling  of  Stumps 

Operations  for  cutting  off  of  trees  with  subsequent  pulling  of 
stumps,  consist  of  sawing  off  the  trees  and  hauling  away  the  timber,  pul¬ 
ling  and  hauling  away  of  stumps  and  extraction  of  roots  from  the  soil 
and  filling  the  holes. 

The  trees  are  sawed  off  in  a  predetermined  sequence,  starting  with 


preparing  the  working  place  and  choosing  the  direction  In  which  the 
tree  should  fall.  The  tree  should  he  notched  cn  the  side  toward  which 
it  should  fall,  then  cut  through  from  the  other  side  (Fig.  5). 

Light  portable  cechanlcal  saws  (chain,  electrical  and  gasoline  en¬ 
gine)  are  most  extensively  used  for  sawing  off  of  trees.  Hand  saws  can 
be  used  only  when  the  work  volume  Is  small  and  for  cutting  of  trees  with 
a  diameter  up  to  25-30  cm. 

Gasoline  motor  saws  "Druzhba"  and  "Ural"  and  electric  saws  of  the 
TsNIIME  KB-2  type  are  extensively  used.  The  "Druzhba"  saw  Is  capable  of 
felling  a  tree  of  any  diameter.  The  fact  that  It  is  supported  at  one 
end,  makes  it  possible  to  operate  by  its  second  end  and  to  fell  trees 
with  a  diameter  which  is  twice  larger  than  the  working  length  of  the 
blade.  The  "Druzhba”  has  high  operational  Indicators  and  is  simple  in 
operation.  The  average  productivity  in  terms  of  the  area  cut  through. 

Is  30  cw  f sec  (for  diameters  of  45-50  cm). 

The  sawing  apparatus  can  be  positioned  for  horizontal  (felling  of 
trees)  and  vertical  (cross-cutting)  cuts. 

Electric  saws  are  used  for  continuous  sawing.  The  use  of  an  elec¬ 
tric  saw  for  selective  cutting  on  small  sections  where  a  part  of  the 
timber  was  removed.  Is  not  expedient. 

The  power  for  electric  motor  saws  is  usually  supplied  from  a  port¬ 
able  electric  power  station,  or  from  the  standard  electric  network.  One 
PES-15  electric  generator  can  supply  3-4  saws.  The  current  is  supplied 
from  the  electric  power  generator  by  main  and  saw  cables. 

Undernotching  and  sawing  is  sufficient  for  felling  a  tree  in  the 
direction  of  its  natural  slope  and,  if  it  is  necessary  to  fell  the  trees 
in  the  opposite  direction,  the  notch  is  insufficient  and  an  additional 
force  is  required  for  turning  the  tree  over.  A  tree  feillng  lever,  or 
a  special  fork,  is  used  for  this  purpose. 
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Fig.  5*  Methods  for  undercutting  (notching)  of 
a  tree:  a)  ouble  horizontal  cut;  b)  a  notch 
at  an  angle. 


Hind  Increases  very  sharply  the  force  required  for  felling  a  tree 
and,  for  this  reason,  work  for  felling  trees  against  the  wind  direction 
is  ceased  even  when  the  wind  is  weak.  The  felled  trees  can  be  hauled 
away  from  the  airfield  area  immediately,  or  after  the  branches  are  cut 
off. 

Loop  type  branch  cutters  designed  by  Belyayev  and  Osokin  are  an 
effective  facility  for  mechanization  of  branch  removal.  Electric  branch 
cutters  TsNIIME,  RES-1  or  the  disk-type  electric  branch  cutter  "Sever" 
can  be  used. 

The  tree  cutting  team  consists  of  6-8  workers,  including  the  saw 
operator  and  his  assistance,  a  notch  cutter,  pusher  and  3-^  helpers, 
which  chop  off  and  collect  the  branches.  For  manual  felling,  the  team 
is  increased  to  10-11  people. 

Saws  mounted  as  equipment  on  excavators  and  crawler  cranes,  which 
not  only  cut  off  the  trees  but  also  pile  them  or  load  onto  trailers,  are 
distinguished  by  their  high  productivity.  For  cutting  of  trees  with 
trunk  diameters  greater  them  15  cm,  the  earth  digging  equipment  on  the 
excavator  boom  is  replaced  by  a  disk  saw  and  timber  stacker.  The  disk 
saw  cuts  the  trees  by  being  continuously  revolved  by  the  boom  (similar 
to  scythe  strokes),  which  the  stacker  then  places  in  a  windrow  behind 
the  unit  parallel  to  the  direction  of  motion,  in  piles  placed  in  the  di- 
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rection  of  motion. 

This  group  of  machines  Includes  the  BPM-Ts’.IXiiE  felling  and  load* 
lng  machine,  with  an  average  output  up  to  100  meters^  per  shift  (for  an 
average  tree  volume  of  0.4  meters^). 

The  felling  and  loading  machine,  thus  ensures  ordered  hauling  off 
of  timber  from  the  logging  sector. 

The  following  basic  safety  rules  must  be  observed  when  working  with 
mechanical  saws: 

I  1.  Persons  permitted  to  operate  mechanical  saws  must  have  special 

j  training  in  the  rules  of  setting-up  and  operating  the  sews  and  also  in 

|  safety  rules  when  operating  them. 

2.  Before  work  starts,  the  state  of  tools  and  accessories  must  be 

i 

|  checked. 

|  When  working  with  electric  saws,  the  grounding  is  checked  at  the 

i  cable  Joint  and  the  station. 

3-  The  sector  should  be  marked  by  signs  with  the  warning:  "Caution. 

r 

Logging  Operations." 

4.  The  work  should  start  with  felling  sharply  bent,  dry  and  over¬ 
hanging  trees. 

5.  Unauthorized  persons  are  not  permitted  to  enter  the  work  sector. 

6.  During  operations  and  when  carrying  over,  when  the  electric  saw 
Is  connected  to  the  circuit,  it  should  be  held  by  the  handle  only;  touch¬ 
ing  of  metal  parts  of  the  saw  with  l bare]  hands  is  forbidden. 

7.  It  is  forbidden  to  carry  over  electric  saws  when  the  motor  is 
working. 

8.  The  electric  saw  must  be  In  a  stable  position  before  the  electric 
motor  can  be  switched  on. 

9.  When  the  saw  chain  falls  off  the  busbar,  the  motor  is  Immediate¬ 
ly  switched  off. 
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10.  After  work  Is  finished,  the  saw  should  be  disconnected  from 
the  power  line. 

11.  When  working  with  electric  saws,  use  oust  be  made  of  Indivi¬ 
dual  protective  facilities  (rubber  boots,  gloves,  mats). 

Vhen  working  with  gasoline  motor  saws,  it  is  forbidden  to  start  the 
motor  with  the  saw  chain  engaged,  overfill  the  tank  with  fuel,  smoking 
when  priming  the  motor. 

Felling  of  Trees  with  Roots 

Felling  of  trees  with  roots  is  the  most  extensively  used  method 
for  clearing  an  area  of  trees.  Trees  together  with  roots  can  be  felled 
by  the  blasting  method,  by  stump  pullers  and  pickers  and  bulldozers,  by 
tractor  pull  and  by  stump-pulling  winches. 

The  blasting  method  is  most  expedient  for  use  in  the  winter  for 
felling  large  and  medium  sized  timber  and,  also,  during  the  summer  on 
dry  and  hard  soils.  The  size  of  the  explosive  charge  is  determined  by 
test  blasting  of  trees  of  different  species  on  soils  of  differing  char¬ 
acter.  The  charge  size  for  standard  power  explosives  can  be  approximate¬ 
ly  taken  as  equal  to  8-15  grams  per  1  cm  of  tree  diameter.  The  fact  that 
less  explosives  is  consumed  here  than  in  blasting  of  stumps  is  due  to 
the  fact  that  here  the  roots  are  additionally  twisted  off  by  the  weight 
of  the  falling  tree.  To  preserve  the  tree  trunk,  the  explosive  charge 
is  placed  at  a  depth  not  less  than  0.5  meter  from  the  surface. 

Trees,  when  felled,  fall  in  the  direction  of  natural  slope  under 
the  weight  of  their  top  and,  for  this  reason,  cases  are  possible  when 
trees  do  not  fall  on  a  free  area  but  are  held  back  by  the  tops  of  stand¬ 
ing  trees.  These  hanging  trees  must  be  immediately  removed,  since  unex¬ 
pected  falling,  for  example  under  the  action  of  wind,  can  result  in  ac¬ 
cidents. 

The  methods  for  felling  of  trees  by  stump  pulling  and  picking  ma- 
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chines  and  bulldozers  differ  little  from  stumping  operations.  When  fel¬ 
ling  large  trees,  the  lever  arm  for  overturning  is  increased  by  having 
a  bulldozer  make  an  earthen  ramp  with  a  slope  of  0.2  at  the  tree  trunk 
end  fell  the  tree  while  standing  on  It. 

The  productivity  of  bulldozers  and  stump  pulling  and  picking  ma¬ 
chines  for  average  density  of  trees  is  up  to  1  hectare  per  shift. 

Trees  are  felled  by  tractor  pull  In  those  cases  when  other  equip¬ 
ment  is  not  available  and  the  work  volume  is  small.  The  auxiliary  equip¬ 
ment  for  the  tractor  consists  of  a  steel  cable  20-25  mm  in  diameter  and 
not  less  than  50  meters  long  (so  that  its  slope  angle  should  not  exceed 
25-30°) •  One  end  of  the  cable  Is  fastened  to  the  tractor  and  the  other 
is  tied  to  the  tree  being  felled.  The  cable  is  fastened  to  the  tree  at 
a  height  calculated,  so  that  the  trunk  will  not  break  (frcm  1  to  2.5  me¬ 
ters,  depending  on  the  diameter  and  species  of  the  tree).  If  the  tree 
does  not  fall  after  2-3  cable  pulls,  then  the  thick  roots  at  the  side 
opposite  to  the  felling  direction  should  be  undercut.  The  crew  for  trac¬ 
tor  felling  of  trees  consists  of  4-5  workers.  Its  productivity  is  up 
to  50-60  trees  per  shift. 

The  comparatively  moderate  productivity  of  this  method  is  due  to 
the  large  amount  of  time  required  for  fastening  the  cable.  The  time  for 
fastening  the  cable  can  be  cut  by  felling  a  number  of  trees  at  a  time. 

After  trees  are  felled  and  the  branch  stumps  cut  off,  the  tops  and 
roots  are  cut  off,  the  trunks  hauled  away  from  the  logging  sector  and 
cross  cut,  if  necessary.  The  trunks  are  hauled  away  by  hauling  tractors, 
or  by  ordinary  tractors  with  subsleighs.  The  hauling  tractor  has  a  high¬ 
er  passab * 'ity  and,  for  this  reason,  can  operate  on  marshy  sections. 

5.  REMOVAL  OF  STONES 

Large  areas  littered  with  stones  are  found  in  the  ncnblack  soil 
belt  of  the  USSR,  especially  in  its  northern  a ;  a  north-western  regions. 
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In  a  number  of  cases,  it  is  necessary  to  remove  up  to  150*200  meters* 
and  more  from  one  hectare. 

The  states  can  be  strewn  about  on  the  surface,  partially  protrude 
or  be  concealed  in  the  upper  layer  of  the  soil.  When  constructing  air* 
fields,  states  should  be  removed  from  the  field  at  sectiots  designated 
for  cuts;  at  fill  sections,  when  the  planned  fill  height  is  up  to  1.0  me* 
ter;  on  the  route  of  the  water  disposal  network;  at  sections  with  zero 
markings,  when  the  stones  are  located  at  a  depth  not  less  than  0.5  me* 
ters. 

By  their  size,  stones  are  conventionally  divided  into  boulders  ith 
a  diameter  of  more  than  1.0  meter,  large  stones  •  from  0.6  to  1.0  me¬ 
ters,  medium  *  from  0.3  to  0.6  meters  and  small  -  from  0.07  to  0.3  me¬ 
ters. 

The  stones  can  be  extracted  and  cleared  by  various  stung)  pulling 
machines.  The  D-210V  stung)  pulling  and  picking  machine,  the  KR-6  stung) 
puller,  bulldozer  and  also  the  D-162A  ripper  are  most  frequently  used 
for  extracting  stones. 

Large  stones,  1. 8-2.0  meters  in  diameter,  which  cannot  be  uprooted, 
must  first  be  blasted  down  to  size. 

As  a  rule,  the  stones  are  broken  up  by  charges  placed  in  grooves. 

The  amount  of  explosives  used,  comprises  from  100  to  500  grams  per  1  me- 

ter-’  of  stone.  When  breaking  up  by  external  charges,  the  consumption  of 

■a 

explosives  increases  to  up  to  2  kg  per  1  meter-*  of  stone. 

Stones  extracted  from  the  soil  and  lying  on  the  surface  should,  as 
far  as  possible,  be  Immediately  removed  from  the  airfield  site  so  as  to 
allow  for  succeeding  operations. 

Stones  with  volumes  up  to  2. 5-3.0  are  hauled  away  from  the  airfield 
site  by  special  scrapers  which  are  made  from  sheet  steel  8-1C  mm  in 
thickness  in  the  on-location  workshop.  The  dimensions  of  a  scraper  in 
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the  plane  for  coupling  to  the  S-80  (S-iGG)  tractor  are  approximately 
5-0  x  3.0  meters  and  for  work  with  the  DT-5^  tractor,  the  dimensions 
are  3*5  x  2.3  meters. 

Stones  are  conveniently  loaded  and  unloaded  from  the  scraper  by  a 

bulldozer,  or  a  stur.p  pulling  and  picking  machine.  A  scraper  pulled  by 

the  S-80  tractor  is  capable  of  hauling  up  to  5.0  meters^  of  stones, 

while  the  capacity  of  the  scraper  pulled  by  the  DT-5^  tractor  is  up  to 
a 

3.5  meters  .  Long  distance  hauling  of  stones  is  performed  by  tractor 
trailers,  trucks  and  sledges.  Stones  are  loaded  and  unloaded  by  T-92 
and  T-75  tractor  mounted  cranes,  or  by  T-106  general  purpose  tractor 
units,  equipped  by  special  gripping  devices. 

Previously  dug-out  large  stones  can  be  hauled  away  over  a  short 
distance,  by  simple  chain  and  cable  devices. 

When  the  work  volume  is  small,  it  is  permitted  to  haul  away  stones 
over  a  distance  up  to  50-70  meters  by  a  stump  pulling  and  picking  ma¬ 
chine  or  bulldozer.  When  transporting  large  stones,  the  blade  should  be 
kept  in  the  half-lifted  position,  so  that  the  teeth  do  not  touch  the 
ground.  When  transporting  small  stones,  the  blade  is  lowered  to  touch 
the  soil  surface,  but  care  is  taken  that  it  should  not  dig  into  the  soil. 

In  individual  cases,  it  is  permitted  to  bury  large  boulders  on  the 
spot.  Here,  the  top  surface  of  the  stone  should  be,  at  least,  0.3  meters 
below  the  design  airfirle  surface.  This  method  cannot  be  used  at  sections 
designated  for  paving,  water  discharge  network  and  other  communications. 
6.  CLEARING  THE  AREA  OF  BRUSHWOOD  AND  SMALL  TREES 

Work  for  clearing  of  brushwood  and  small  trees  is  mainly  encounter¬ 
ed  in  constructing  airfields  in  the  nonblack  soil  belt  of  the  USSR.  Sec¬ 
tions  with  standard  moisture  content  are  overgrown  by  gray  alder  with 
a  small  admixture  of  birch,  aspen,  willow  and  spruce,  while  sections 
with  excessive  moisture  content  are  overgrown  by  willows.  Strongly  pod- 
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sollzed  sandy  and  fine  clay  soils  (with  standard  moisture  content),  are 
frequently  overgrown  by  bushes  of  juniper,  birch,  willow,  gray  aspen 
and  other  species. 

Machines  used  in  clearing  a  site  from  brushwood,  operate  under  very 
difficult  conditions;  the  load  on  the  working  element  is  variable,  fluc¬ 
tuating  within  wide  limits;  for  this  reason,  the  machines  should  have 
increased  strength. 

Operations  for  clearing  an  area  overgrown  by  brushwood,  consist  in 
cutting  off  the  brushwood  and  small  trees  and  in  raking  together  the 
sawed-off  brushwood  and  clearing  the  soil  surface  of  roots  and  small 
stumps. 

Brushwood  growing  at  the  site  of  the  air  approach  strip,  is  only 
cut  off,  since  the  other  operations  are  unnecessary. 

Brushwood  and  small  trees  are  cut  by  brush  cutters,  whose  working 
element  consists  of  a  knife.  Brushwood  can  also  be  removed  by  chemicals. 

The  D-174V  brush  cutters  are  usually  used.  It  is  also  possible  to 
use  a  marsh  meadow  brush  cutter  mounted  on  the  DT-5^  tractor,  or  a  brush 
cutter  with  a  hydraulic  drive  mounted  on  the  S-100B  marshland  tractor. 

The  D-174V  brushcutter  (Fig.  6)  is  used  for  cutting  of  brushwood 
and  saplings  up  to  15-20  cm  in  diameter  in  dry  valleys. 

Large  stumps,  trees  and  other  obstacles  should  be  first  removed  by 
stump  pulling  machines,  since  they  interfere  with  normal  operation  of 
the  brush  cutter.  If  these  obstacles  cannot  be  removed,  then  they  are 
marked  by  markers  so  as  to  permit  the  tractor  drive  to  avoid  them. 

Brushwood  clearing  starts  with  placing  the  brush  cutter  in  the  de¬ 
sired  direction  at  the  boundary  of  the  site.  Here,  the  knife  should  be 
lowered  to  the  required  depth. 

The  basic  requirement  put  to  the  quality  of  the  brush  cutter’s  work 
is  that  the  brushwood  be  cut  low  and  evenly.  With  this  as  the  starting 

-  27  - 


requirement,  tne  orusn  cutter  muvcd 
should  be  lowered  so  that  they  touch 
closely  the  soil  surface.  In  sapling 
overgrowth  with  tree  trunk  diameters  of 
7-10  cm  and  more,  a  clearance  of  about 
1. 5*2.0  cm  should  be  left  between  the 
soil  surface  and  the  brush  cutter  blade. 
At  sites  containing  a  large  number  of 
small  stones  strewn  about  on  the  surface, 
the  brush  cutter  knives  should  be  lifted 

3- 10  cm  from  the  soil  surface  in  order  to  avoid  breaking  the  knives.  If 
the  trunk  diameters  do  not  exceed  5-7  cm,  then  the  site  is  cleared  in 
second  gear,  using  both  brush  cutter  knives.  In  this  case,  after  one 
3trip  has  been  passed,  the  second  is  started  at  such  a  distance  from  the 
first,  that  the  brush  cutter  can  work  with  both  the  right  and  left  knives 
leaving  a  pile  of  the  cut-off  brushwood  and  saplings  in  the  area  bet¬ 
ween  passes.  The  width  of  a  scrip  cleared  in  a  single  pass  by  the  D-174V 
brush  cutter  is  3.5  meters. 

At  sites  overgrown  by  aspen,  fir  and  birch  with  trunk  diameters  of 

4- 10  cm,  a  single  brush  cutter  pass  cuts  off  almost  the  entire  brush¬ 
wood,  Brushwood  which  has  not,  thus,  been  cut  off  is  trampled  by  the 
tractor  crawlers  and  the  brush  cutter  skis. 

Sites  overgrown  by  alder  and  willow,  creeping  on  the  ground,  are 
cleared  from  a  direction  opposite  to  the  slope  of  trunks.  In  order  to 
completely  cut  off  the  brushwood  at  this  section,  a  second  brush  cutter 
pass  from  the  opposite  direction  is  needed. 

When  working  with  small  brushwood  (trunk  diameter  less  than  4  cm), 
complete  cutting  is  achieved  only  after  two  passes,  since  the  uncut  part 
of  brushwood  straightens  up  after  the  first  pass. 
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Pig.  6.  Cutting  brushwood 
by  the  D-174V  brush  cutter. 


I?  the  diameter  of  tree  trunks  is  greater  than  7-10  cm,  then  the 
section  Is  cleared  In  first  gear  and  using  only  one  brush  cutter  knife. 

It  should  be  taken  into  account  in  this  work,  that  the  cut  trees  by 
exerting  a  resistance  to  the  brush  cutter  knife,  displace  it  from  the 
preset  direction. 

Trees  25-30  cm  is  diameter  which  are  encountered  at  the  section, 
cannot  be  cut  by  a  single  pass  which  necessitates  several  passes,  thus 

J 

sharply  lowering  the  brush  cutter  productivity. 

Dry  valley  sections  can  be  cleared  by  brush  cutters  for  a  snowfall 
up  to  40-50  cm.  Good  quality  cutting  of  brushwood  is  achieved  in  the 
early  spring,  when  little  snow  remains,  while  the  soil  is  still  frozen 
and  during  the  winter,  when  the  brushwood  trunks  are  securely  fastened 
in  the  frozen  soil. 

The  quality  of  the  brush  cutter  work  depends,  to  a  large  extent, 
on  the  sharpness  of  the  knives.  A  blunt  knife  does  not  cut  the  brush¬ 
wood,  it  only  bends  it  underneath.  Care  should  be  taken  to  provide  each 
brush  cutter  by  a  mechanical  sharpener  for  the  knives. 

Depending  on  local  conditions  (the  relief,  dimensions  and  shape  of 
the  section),  the  brush  cutter  operates  according  to  the  following 
schemes : 

circular  (from  the  section  edges  to  its  center); 

by  strips; 

from  the  middle  of  the  section; 

in  a  shuttle  pattern. 

Brush  cutter  operation  using  the  circular  scheme  (Fig.  7,  a)  is  sim¬ 
ple  and  convenient.  It  is  used  on  large  sections  cf  regular  shape  with 
a  mild  topography.  The  work  is  started  from  the  section's  edges  and, 
driving  along  its  perimeter,  till  the  middle  is  reached.  The  disadvan¬ 
tage  of  this  scheme  is  the  fact  that  with  each  successive  pass,  it  be- 
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comes  more  difficult  to  turn  the  brush  cutter,  which  necessitates 
spending  time  on  fancy  turns. 

Work,  according  to  the  strip  scheme  (Fig.  7#b),  has  the  advantage 
that  the  turning  radius  of  the  brush  cutter  remains  constant. 

The  scheme  according  to  which  work  starts  from  the  middle  of  the 
section  (Fig.  7,c) ,  is  used  when  the  section  is  situated  at  a  watershed. 
The  disadvantage  of  this  scheme  is  the  fact  that  the  brush  cutter  must 
execute  sharp  turns  at  the  beginning  of  work. 

The  shuttle  pattern  scheme  (Fig.  7,d)  is  used  when  clearing  brush¬ 
wood  from  hillsides.  The  passes  of  a  brush  cutter  working  according  to 
this  scheme,  should  be  situated  across  the  hillside  slope  (along  the 
horizontals  of  the  locality). 


Fig.  7«  Schemes  for  the  brush  cutter 
movements  in  clearing  sites. 

Hie  direction  of  brush  cutter  passes,  using  any  of  the  enumerated 
schemes,  should  be  changed  before  the  cutting  starts.  Maneuvering  the 
brush  cutter  on  overgrown  sections  is  difficult,  for  which  reason  cross¬ 
cuts  7-7.5  meters  wide  for  turning  the  brush  cutter  around  (for  backing 
out),  should  be  provided  at  the  edges  of  sections  being  cleared. 

ffa  —!-— —2-!  hectares  per  shift 

where  b  is  the  width  of  coverage,  meters;  v  is  the  working  velocity  of 
the  brush  cutter,  km/hour;  _t  is  the  duration  of  the  working  shift,  hours; 


ky  is  the  working  time  utilization  coefficient;  n^  is  the  number  of 

-  30  - 


turns  at  the  edges  of  the  section;  is  the  time  used  up  per  one  turn, 
minutes;  n  is  the  number  of  passes  over  the  same  trace  (1-3)* 

When  the  section  contains  individual  large  trees,  a  correction  Is 
made  in  the  formula  for  the  time  used  up  in  cutting  these  trees. 

The  crew  for  brushwood  cutting  consists  of  2-4  workers.  Including 
1-3  helpers,  which  clear  the  brush  cutter  from  trees  which  fall  cn  it, 
take  care  that  they  do  not  get  stuck  in  the  crawlers,  etc.  The  manber 
of  helpers  depends  on  the  character  of  the  locality  and  on  the  time  of 
the  year. 

The  average  productivity  of  the  D-174V  brush  cutter  is  up  to  6.0- 
8.0  hectares  per  shift  (for  trunks  4-6  cm  in  diameter). 

Observations  of  the  work  of  passive  action  brush  cutters  have  shown 
that  they  require  considerable  design  improvements.  Active  action  brush 
cutters,  whose  working  element,  in  addition  to  the  rectilinear  motion 
together  with  the  tractor  performs  also  forced  motion,  are  more  produc¬ 
tive.  Experimental  specimens  of  active  action  brush  cutters  were  built 
on  the  basis  of  the  "Belarus’"  tractor. 

After  the  brushwood  is  cut,  it  should  be  collected.  The  GKI.T-3 
brushwood  harrows  and  D-210A  stump  pulling  and  picking  machines  are  used 
for  this  purpose. 

The  GKN-3  brushwood  harrows  are  mounted  on  the  DT-54  tractor.  Their 
working  element  consists  of  five  teeth  of  welded  design,  made  from  angle 
steel  and  rigidly  fastened  to  skis  which  create  a  sufficient  bearing 
surface  for  the  harrow  during  the  work.  The  width  of  the  harrow  coverage 
is  3000  mm.  The  choice  of  the  direction  of  working  passes  by  brushwood 
harrows  and  stump  pulling  end  picking  machines  depends  on  the  dimensions 
of  the  section,  number  of  cut  growth  and  conditions  under  which  the 
work  is  performed.  The  direction  of  harrow  passes,  as  a  rule,  should 
coincide  with  the  direction  of  the  brush  cutter  motion. 
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After  the  brushwood  has  been  raked  together,  the  soil  can  be  plow* 
ed  by  a  marsh-brushwood  plow,  if  this  is  necessary. 

Small  stumps  and  roots  must  be  especially  thoroughly  removed  from 
sections  to  be  used  for  runways,  taxiways  and  stand-by  aprons,  since 
timber  rotting  in  the  soil  will  result  in  nonuniform  settling  and  any 
remaining  roots  will  interfere  with  proper  soil  compaction. 

Small  stumps  and  roots  can  be  removed  by  a  bulldozer,  equipped 
with  forward-bent  teeth,  which  gives  a  30°  cutting  angle  and  a  loosen¬ 
ing  depth  of  up  to  12  cm.  The  average  productivity  of  a  bulldozer  in 
removing  roots,  is  10-12  hectares  per  shift. 

The  stump  pulling  and  picking  machine  can  independently  perform 
all  the  technological  operations  involved  in  clearing  the  airfield  site 
from  brushwood,  namely,  cutting  the  brushwood,  windrowing  it,  and  clear¬ 
ing  the  soil  of  the  root  system. 

The  productivity  in  clearing  the  brushwood  manually  is  extremely 
low  and  this  is  permitted  only  at  those  places  where  machines  cannot 
be  used. 

The  following  safety  rules  must  be  observed  in  clearing  sections 
of  brushwood  and  saplings: 

1.  Persons  assigned  to  driving  the  brush  cutter  must  be  specially 
trained  and  must  have  passed  minimum  technical  knowledge  examinations 
about  brush  cutter  operation. 

2.  Prior  to  commencing  work,  the  brush  cutter  should  be  inspected 
and  all  malfunctions  corrected. 

3.  It  is  forbidden  to: 

a)  leave  the  brush  cutter  with  the  engine  running; 

b)  work  with  a  brush  cutter  with  defective  guards; 

c)  repair  the  bush  cutter  in  motion. 

4.  The  helper  crew  should  be  at  least  25-30  meters  away  from  the 
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brush  cutter. 

7.  BREAKING  UP  OLD  PAVEMENTS 

Airfields  which  were  paved  before  1945*  were  basically  designed 
to  handle  aircraft  with  a  flight  weight  up  to  50  tons. 

Developments  in  the  field  of  jet  power  and  increasing  the  flight 
weight  of  aircraft,  have  made  it  necessary  to  increase  the  runway 
length  and  the  pavement  strength.  Por  this  reason,  existing  airfields 
are  rebuilt  together  with  construction  of  new  airports.  In  rebuilding 
airports  and  also  in  repairing  runways,  it  becomes  necessary  to  break 
up  individual  sections  of  the  old  pavement.  This  most  labor  consuming 
work  should  be  completely  mechanized. 

Pavement  can  be  broken  up  by  the  D-l62  heavy  ripper,  special  trac¬ 
tor-mounted  equipment,  concrete  breaker  and  weight-dropping  hammer.  The 
D-162  ripper  can  be  used  for  breaking  up  simple,  refined  and  also  per¬ 
manent  asphaltic  concrete  and  cement  concrete  pavements. 

When  breaking  up  pavements  made  of  macadam,  gravel  and  from  bitu¬ 
men  treated  materials,  the  ripper  is  provided  with  one  or  two  bars, 
which  are  lowered  to  the  required  depth  and  which,  during  the  tractor's 
motion,  break  up  and  loosen  the  pavement  on  1-2  passes  over  the  same 
run. 

For  breaking  up  concrete  pavements  (also  here  the  ripper  is  equip¬ 
ped  with  one  or  two  bars),  the  ripper  with  the  lowered  bars  is  brought 
unaer  the  edge  of  the  pavement  being  broken  up,  the  ripper  frame  is 
lifted  and  the  pavement  is  broken  up  by  the  forward  motion  of  the  trac¬ 
tor  (Fig.  8). 

The  D-107  loader  and  specially  equipped  bulldozers  are  successful¬ 
ly  used  for  breaking  up  old  asphaltic  concrete  pavements.  For  this  pur¬ 
pose,  the  standard  bucket  of  the  D-107  [sic]  loader  is  replaced  by  a 
massive  bucket  whose  forward  lower  edge  is  equipped  with  knives  and  five 
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replaceable  teeth,  which  are  situated  ahead  of  the  cutting  edges  of  the 
knives.  Depending  on  the  thickness  of  the  pavement  ~eing  broken  up,  use 
can  be  made  of  straight  teeth  and  of  teeth  with  a  cutting  ridge,  or 
with  a  breaking  projection. 

When  asphaltic  concrete  pavement  is  to  be  broken  up  by  a  bulldozer, 
its  blade  is  provided  with  a  special  attachment  -  a  three- toothed  de¬ 
vice  designed  by  S.A.  Astaf'yev  (Pig.  9)»  The  attachment  consists  of 
a  steel  plate  35-40  mm  thick,  with  three  steel  teeth  with  a  cross  sec¬ 
tion  of  90  x  90  mm  and  500  mm  long  mounted  on  it  and  of  two  vertical 
cutting  ribs.  The  teeth  are  brought  in  beneath  the  pavement  and  break 

O 

it  up.  The  productivity  of  this  asphalt  breaker  is  up  to  1400  meters 
per  shift. 

Concrete  cement  pavements  with  thicknesses  up  to  30  cm  and  more, 

are  broken  up  by  the  D-I98  concrete  breaker,  which  is  mounted  on  the 

chassis  of  the  MAZ-200  truck.  The  pavement  is  broken  up  by  several 
strokes  of  a  pneumatic  hammer,  until  a  crack  is  formed,  whereupon  the 
hammer  is  placed  in  a  new  position  by  revolving  the  frame. 

The  average  productivity  of  the  concrete  breaker; 

for  a  concrete  plate  thickness  of  20  cm  .  .  .  up  to  45  meters^/hour 

"  "  *  "  "  "  30  cm  ...  up  to  15  meters^/hour 

Concrete  plates  up  to  4o  cm  thick  can  be  successfully  broken  up 
by  truck  cranes  (excavators  with  crane  equipment),  with  a  weight-drop- 
ping  hammer,  weighing  not  less  than  1.0-1. 5  tons  and  with  a  falling 
height  of  from  3.5  to  5*0  meters.  It  is  recommended  that  a  sphere  shaped 
weight  be  used.  Concrete  pavements,  more  than  40  cm  thick,  can  be  broken 
up  by  blasting,  by  charges  placed  in  blasting  holes,  or  by  externally 
placed  charges. 

Pneumatic  and  electric  tools  serve  as  auxiliary  equipment  in  break- 
ing  up  asphaltic  concrete  and  cement  concrete  pavements.  Old  concrete 
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pavements  can  be  removed  without  breaking  them 
up,  if  they  consist  of  small  plates  with  through 
seams. 


8.  REMOVING  EXISTING  STRUCTURES  AND  UTILITY 
NETWORKS 

The  list  of  structures  subjected  to  removal 
is  established  by  the  plan  and  is  included  in 
the  preparatory  work  plan. 

Operations  for  removing  and  carrying  over 
structures,  roads,  electric  power  lines,  etc., 
are  performed  first  and  agreement  for  their  im¬ 
plementation  should  be  obtained  from  the  inte¬ 
rested  institutions  and  organizations. 

It  is  expedient  to  transport  moderately 
sized  wooded  structures  without  dismantling. 
Special  carts  (house  movers)  are  used  for  moving 
wooden  building  situated  on  the  airfield  site. 

The  building  is  placed  at  its  new  location 
on  a  previously  prepared  foundation. 

All  elements  of  wooden  structures  being  dismantled  should  be  mark¬ 
ed  first. 

If  the  structure  is  old,  it  is  dismantled  and  the  material  is  used 
for  construction  purposes.  Large  structures  (for  example,  a  two  story 
building),  are  dismantled  according  to  special  plans. 

In  building  and  also  in  rebuilding  airfields,  it  becomes  necessary 
to  remove  and  move  over  cccmunications  and  power  supply  lines. 

First,  the  new  bypassing  communications  (or  electric  power)  line 
is  built  and  only  after  it  becomes  operational,  is  the  existing  line 
dismantled. 


Fig.  8.  Scheme  for 
breaking  up  of  con¬ 
crete  pavement  by 
the  D-I62  ripper. 


Fig.  9.  The  D-l4g 
bulldozer  with 
mounted  equipment 
designed  by  S.A. 
Astaf 'yev. 
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An  act  about  roving  over  cocr.unications  or  electric  power  lines 
is  made  up  in  the  presence  of  representatives  cf  tnose  institutions, 
organizations  and  enterprises,  which  are  in  charge  of  these  lines. 

9.  PRELIMINARY  DEWATZRING  OP  CONSTRUCTION  SITES 

Earth  digging  and  other  machinery  may  find  it  impossible,  in  a 
number  of  cases,  to  work  on  muddy  sites.  For  this  reason,  the  main  ope¬ 
rations  for  constructing  an  airport  should  be  preceded  by  dewatering 
of  excessively  moist  sections.  The  dewatering  method  is  determined  de¬ 
pending  on  the  type  of  the  water  fee,  soil  conditions  and  on  the  rela¬ 
tive  moisture  content  of  the  section. 

The  cause  of  excessive  moisture  can  be  surface  waters,  or  closely 
lying  ground  waters.  If  the  excessive  moisture  is  caused  by  surface 
water,  then  the  section  is  dewatered  by  draining  the  water  away.  When 
the  ground  water  level  is  too  close  to  the  surface,  it  is  lowered. 

Preliminary  dewatering  the  construction  site  not  only  ensures  pro¬ 
ductive  work  of  machines  performing  the  main  airfield  construction  ope¬ 
rations,  but  also  stability  of  pavements  and  fills  on  the  ground  part 
of  the  airfield. 

Drainage  of  Surface  Water 

Surface  water  is  removed  by  building  an  open  drainage  network, 
which  consists  of  auxiliary  ditches  which  collect  water  from  low-lying 
areas,  flow  ditches,  main  channels  and  drain  reservoirs.  Lakes,  rivers, 
streams  and  ravines  located  outside  the  airfield  limits,  usually  serve 
as  drain  reservoirs.  Permanent  drainage  accumulators  and  collectors  can 
also  serve  as  drain  reservoirs.  In  a  number  cf  cases,  pumps  are  used 
to  move  the  water  from  deep  depressions  to  the  ditches.  In  addition, 
depending  on  the  relief  of  the  locality,  mountainside  ditches  are  also 
built. 

Auxiliary  ditches  are  small  and  narrow  furrows  whose  bottom  is 
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slanted  In  the  direction  of  the  flow  ditches. 

The  flow  ditches  should  be  not  less  than  0.6  meters  deep  for  slopes 
with  grades  of  1:1, 1:1,5* 

The  main  ditches  are  usually  from  1  to  3  and  more,  meters  deep. 

When  a  large  quantity  of  water  is  drained,  the  ditch  cress  sections 
should  be  calculated  by  hydraulic  engineering  methods.  Main  ditches  are 
dug  by  excavators  with  outsized  crawlers. 

The  ditch  network  is  staked  out  by  aligning  the  future  ditch  along 
the  axis  which  is  placed  on  the  side  and  by  staking  out  at  the  begin¬ 
ning  and  end  by  type  II  monuments  (see  Pig.  1).  The  course  of  the  ditch 
system  should  have  the  smallest  possible  number  of  sharp  breaks  in  the 
plane.  To  decrease  the  amount  of  work  necessary  to  a  minimum,  ditches 
dug  in  horizontal  sections  are  graded  with  a  0.001-0.002  slope,  while 
the  natural  slope  of  the  locality  is  followed  where  such  exists.  Auxi¬ 
liary  ditches  are  graded  directly  at  the  locality  with  their  bottoms 
sloping  in  the  direction  of  the  flow  ditch. 

The  route  of  the  temporary  drainage  network  elements  should,  as 
far  as  possible,  be  made  to  coincide  with  the  route  of  the  permanent 
draining  network  for  runways,  taxiways  and  aprons.  In  this  case,  the 
ditches  are  not  dug  to  full  depth,  but  to  not  less  than  0.5  meters  high¬ 
er  than  the  design  depth  of  the  permanent  drainage  network. 

Flow  ditches  are  dug  by  the  KM-1400,  LKA-2  and  other  plunger  type 
ditchers.  The  KM-1^00  and  LKA-2  ditchers  are  used  for  digging  of  ditches 
in  ordinary  and  peat  soils,  free  of  large  stones.  A  ditcher  with  two 
S -30  tractors  can  open  a  full  profile  ditch  in  a  single  pass.  If  the 
ground  is  not  excessively  moist,  the  ditches  are  dug  from  the  discharge 
side. 

The  ditchers  are  coupled  to  tractors  which  move  one  after  the  ether. 
When  working  in  extremely  moist  soil,  the  digger  is  coupled  to  two  trac- 
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tors.  The  output  of  plunger  ditchers  is  up  to  1.2  kilometers/hour. 
Lowering  the  Level  of  Ground  Water 

The  airfield  plr_n  usually  provides  for  a  permanent  draining  sys¬ 
tem  for  lowering  the  grcu  id  water  level. 

The  drainage  rate,  during  the  construction  period,  is  several 
fold  faster  than  when  the  airfield  is  fully  operations,,  for  which  reason 
the  preliminary  drainage  network  is  by  a  factor  of  3-^  less  dense  than 
the  planned  permanent  drainage  network. 

The  ground  water  level  lowering  prior  to  earth  moving  work  should, 
thus,  be  accomplished  by  constructing  a  part  of  the  permanent  drainage 
network.  When  the  permanent  drainage  network  is  very  deep,  preliminary 
drainage  can  be  achieved  by  constructing  an  open  drainage  network. 

Drainage  ditches  are  dug  parallel  to  the  direction  of  soil  displace¬ 
ment  from  a  cut  to  a  fill.  If  this  direction  coincides  with  the  direc¬ 
tion  of  permanent  drains,  then  the  ditches  are  made  to  coincide  with 
the  route  of  the  drains,  but  are  dug  so  that  not  less  than  30  cm  of 
soil  remains  from  their  bottoms  to  the  design  bottom  of  the  drain. 

Construction  of  open  ditches  for  lowering  the  level  of  ground  water 
creates  considerable  difficulties  in  performing  the  main  work  and  their 
use  is  permitted  [only]  if  timely  construction  of  the  deep  drainage  sys¬ 
tem  is  difficult. 

A  permanent  team  of  workers  should  be  assigned  to  maintain  the 
temporary  water  discharge  syrtem.  Water  cannot  be  left  standing  in  the 
ditches,  for  which  reason  they  should  be  periodically  cleaned. 

After  the  earth-moving  operations  are  finished,  all  ditches  which 
will  not  be  subsequently  used  in  constructing  the  permanent  network, 
are  filled.  When  filling,  the  soil  must  be  thoroughly  compacted  layer 
by  layer. 
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Chapter  2 

BARTH  MOVING  OPERATIONS 

10.  GENERAL  CHARACTERIZATION  AND  COMPOSITION  OF  EARTH  MOVING  OPERA¬ 
TIONS 

Safe  take  off  and  landing  ofaalrcraft  and  also  ensuring  natural 
runoff  of  precipitation  requires  that  the  airfield  surface  be  level, 
have  specified  grades  and  rad la  of  curvature. 

Sites  chosen  for  the  building  of  an  airfield  are  usually  not  le¬ 
vel.  The  natural  surface,  as  a  rule,  does  not  conform  to  engineering 
requirements  put  to  the  topography  of  airfield  air  strips. 

The  topography  of  an  airfield  is  corrected  by  earth  moving  ope¬ 
rations.  Earth  moving  work  is  also  performed  In  constructing  the  bed 
for  runways,  taxlways,  aprons.  In  replacing  nonstable  soils  (at  sites 
covered  with  peat).  In  digging  trenches  and  ditches  of  the  water 
drainage  network,  etc. 

Earth  moving  work  at  airports  differ  by  their  character  from 
earthworks  performed  in  hydraulic  engineering  construction,  in  con¬ 
structing  automobile  highways,  etc.  The  basic  features  of  earth  moving 
operations  at  airfields  Include: 

a)  the  area  character  of  the  works  distribution;  here  the  distri¬ 
bution  of  earth  masses  over  the  airport  area,  as  a  rule,  is  not  uni¬ 
form;  earthwork  sections  can  be  composed  of  large  masses  of  cuts 
(fills)  or  of  individual  small  contours  with  an  Insignificant  volume 
of  earth  moved; 

b)  In  making  up  the  vertical  relief  plan  of  an  airport,  a  balance 
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cut  and  fill  volume  are  kept  equal.  This  determines  the  methods  by 
which  they  are  produced;  all  the  soil  from  the  cuts,  as  a  rule.  Is 
transported  and  deposited  In  the  fills. 

When  the  cuts  and  fills  are  adjacent,  local  balance  of  earth  mas¬ 
ses  is  kept,  while  If  they  are  not  close  to  one  another,  a  total  bal¬ 
ance  of  earth  masses  is  kept,  i.e. ,  the  sums  of  earth  volumes  of  all 
cuts  and  of  all  fills  are  balanced.  It  is  very  seldom  that  borrow 
areas  are  established  outside  the  airfield  limits  for  obtaining  fill 
soil  or  that  dump  pits  are  provided  for  placing  excessive  soil,  this 
is  only  done  when  it  is  expedient  from  the  point  of  view  of  economics ; 

c)  the  inclusion,  in  the  majority  of  cases,  of  operations  invol¬ 
ving  preservation  and  restoration  of  topsoil,  in  the  composition  of 
earth  moving  operations. 

Barth  moving  operations  in  airport  construction  are  subdivided 
into  volume,  grading  and  topsoil  operations. 

Volume  earth  moving  operations  are  performed  when  it  is  neces¬ 
sary  to  change  the  topography  of  the  site,  in  constructing  beds  for 
runways,  taxlways  and  aprons,  and  also  in  replacing  unstable  soils. 

Grading  earth  moving  operations  are  performed  in  order  to  bring 
the  surface  of  the  beds  and  the  airfield,  after  volume  earth  moving 
operations  have  been  completed,  to  the  design  elevations,  and  also  for 
correcting  the  microtopography  of  the  surface  of  sections  at  which  no 
depth  earth  moving  work  was  performed  (at  zero  sections).  Grading  ope¬ 
rations  correct  individual  Irregularities  of  surface  not  exceeding  10- 
12  cm  in  height. 

Operations  with  topsoil  are  performed  in  order  to  preserve  the 
topsoil  for  subsequent  restoration  on  the  unpaved  part  of  the  airfield, 
since  the  seeds  of  turf-creating  grass  grow  faster  in  topsoil.  The  top- 
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soli  is  removed  from  the  entire  surface  of  the  pavement  bed  and  Is  not 
restored. 

The  earth  moving  operations  consist  of  the  following  structural 
processes  and  operations: 

loosening  and  breaking  up  the  topsoil  layer: 

Its  removal,  piling,  and  moving  over  to  a  new  location; 
loosening,  quarrying  and  moving  the  soil  Into  fills  (the  leading 
operation) ; 

layer  by  layer  leveling  of  the  soli  put  Into  fills; 
layer  by  layer  compacting  of  the  leveled  soil; 
rough  (preliminary)  grading  of  the  bed  and  airfield  surfaces; 
final  grading  of  the  airfield  (final  grading  of  the  sub  pavement 
bed  can  be  Included  in  the  composition  of  concrete  (laying]  opera¬ 
tions); 

rolling  of  cut  sections  and  zero  work  sites  (at  bed  sections, 
this  operation  can  be  included  in  the  composition  of  concrete  (laying] 
operations) ; 

spreading  of  the  topsoil  over  the  airfield; 

leveling  and  final  rolling  of  the  restored  topsoil  layer. 

The  character  and  volume  of  earth  moving  operations  can  be  very 
varied  and  depend  on  the  topography  and  soils  of  the  site,  the  purpose 
of  the  airport,  the  dimensions  of  the  grounds  of  the  airfield  (of  run¬ 
ways,  ta.ciwayc  and  aprons)  with  surfacing,  etc.  For  example,  in  the 
construction  of  airports  in  the  steppes  regions  a  considerable  propor¬ 
tion  of  work  is  devoted  to  grading  operations,  while  in  constructing 
them  in  the  northern  regions  and  nountaineous  localities,  volume  earth 
moving  operations  predominate. 

All  kinds  of  earth  moving  operations  belong  to  the  most  labor 
consuming  and  difficult  airport  construction  operations  and  should  be 
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entirely  mechanized. 

The  Soviet  machine  building  Industry  produces  a  sufficient  number 
of  high  productivity  machines  for  performing  all  kinds  of  earth  moving 
operations. 

Earth  moving  operations  are  performed  by  earth  digging  and  grading 
machines. 

Solis  placed  In  fills  and  airfield  surfaces  are  compacted  by  va¬ 
rious  compacting  machines  and  equipment. 

In  addition  to  the  mechanical  method  of  earth  moving.  It  Is  also 
possible  to  use  the  hydraulic  method  for  loosening  and  removing  It, 
l.e. ,  the  hydraullcklng  operation.  Rocky  soll3  are  first  loosened  by 
explosives. 

The  varied  earth  moving  techniques  and  equipment  allow  to  perform 
the  same  operations  using  different  machines.  For  this  reason,  proper 
selection  of  the  method  for  mechanizing  of  earth  moving  operations  and 
choice  of  machines,  which  best  conform  by  their  technical  character¬ 
istics  to  the  work  conditions,  must  be  preceded  by  checks  and  compar¬ 
isons  of  technical  and  economic  indicators  of  each  machine. 

In  airport  construction,  as  a  rule,  cuts  are  made  in  layers.  This 
method  can  be  used  for  any  cut  depth,  and  also  when  the  soil  layers 
are  not  uniform. 

The  facing  method  Is  used  only  in  deep  cuts  (more  than  1.0-1. 5 
meters)  with  uniform  soil  stratification  In  depth. 

As  wasshown  by  analysis  of  airport  construction  of  the  last  few 
years,  of  the  total  volume  of  earth  moving  operations  the  following 
percentages  were  performed  by 

scrapers  65-70# 

bulldozers  10-15# 

excavators  and  other  mechanization  facilities  5-15# 
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The  level  of  mechanization  of  earth  moving  operations  Increases 
continuously*  Thus,  In  1950,  the  mechanization  level  was  Increased  by 
a  factor  of  1*5  as  compared  to  1943,  and  In  1961  the  level  of  Integra- 

i 

i 

I  ted  mechanization  of  earth  moving  operations  In  airport  construction 

! 

i 

has  reacted  98 $  of  the  total  volume  of  earth  moving  operations. 

Earth  moving  operations  are  mechanized  by  yearly  assimilating  the 
production  of  an  entire  series  of  new  earth  digging  machines,  lnclud- 
I  lng  self-propelled  scrapers,  earth  hauling  carts,  powerful  bulldozers 
mounted  on  crawler  tractors,  self-propelled  rollers,  self-propelled 
l  vibratory  plates,  general  purpose  excavators  and  continuous  action 

i 

» 

■  earth  digging  machines.  In  Integrated  mechanization  of  earth  moving 

i 

operations,  special  attention  should  be  paid  to  adapting  the  most  effi¬ 
cient  machines  and  methods  for  operations  mechanization. 

11.  OPERATIONS  WITH  TOPSOIL 

{  One  of  the  specific  peculiarities  of  airport  construction  is  the 

| 

i  necessity  to  create  on  the  airfield  conditions  for  the  formation  of  a 
sod  layer.  For  this  purpose,  the  entire  unpaved  part  of  the  airfield 
j  should  be  covered  with  a  topsoil  layer  of  thickness  required  by  agri- 

i 

i  cultural  norms. 

j  When  cuts  are  made,  a  considerable  part  of  the  surface  Is  strip- 

i 

I  ped  of  Its  topsoil,  while  at  fill  sections  the  topsoil  is  covered  by 
’  mineral  soil  from  the  cut.  For  this  reason,  special  measures  are  taken 

I 

! 

j  during  earth  moving  work  to  preserve  and,  subsequently,  lay  out  a  top- 

i 

J 

soil  layer  level  with  the  design  surface. 

In  constructing  pavements,  conversely,  the  topsoil  should  be  re¬ 
moved  from  the  entire  sub  pavement  bed,  since  it  does  not  have  suffi¬ 
cient  strength.  The  tcpsoil  can  be  left  only  at  places  where  the  fills 
are  higher  than  0.6  meters,  provided  that  the  sod  Is  removed  and  the 
topsoil  is  deeply  plowed  and  broken  up.  At  cut  sections  (at  the  air- 
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field),  where  mineral  soli  Is  uncovered,  the  topsoil  layer  Is  removed 
before  the  work  starts  and  Is  then  restored  after  the  mineral  soil 
has  been  removed.  At  cut  sections,  where  a  sufficient  thickness  of 
topsoil  remains  after  the  cut  is  made.  It  Is  possible  not  to  perform 
any  additional  operations  with  it. 

A  topsoil  layer  is  created  at  fill  sections  by  removing  It  and 
then  restoring,  or  by  rising  soil  removed  from,  pavement  sections.  It  Is 
also  possible  to  use  excess  soil  removed  from  the  unpaved  sections  of 
the  runway. 

The  points  am  depths  of  removal  and  also  the  thickness  of  top¬ 
soil  level  subject  to  restoration  on  the  airfield  surface  are  esta¬ 
blished  In  the  airport  plan  and  are  refined  during  earth  moving  opera¬ 
tions. 

In  order  to  retain  [Its]  agricultural  properties,  the  temporarily 
removed  topsoil  should  not  be  mixed  with  the  lower  lying  soli  layers, 
especially  when  working  with  podzolic  soils.  To  prevent  extreme  dry¬ 
ing,  simultaneous  loosening  and  breaking  up  of  topsoil  should  be  per¬ 
formed  at  an  area  not  larger  than  that  covered  In  a  single  shift  and 
It  should  be  Immediately  piled  up. 

Sections  covered  by  agricultural  cultures  are  not  subjected  to 
preliminary  loosening  and  breaking  up  of  topsoil.  The  topsoil  should 
not  contain  stones,  roots,  lumps,  pieces  of  sod  and  other  Impurities. 

Earth  moving  operations  concerning  topsoil  Include  the  following: 

a)  loosening  the  topsoil  layer; 

b)  removal  of  roots,  stones,  etc.,  which  were  pulled  onto  the 
surface; 

c)  breaking  up  the  topsoil; 

d)  removal,  windrowing  and  moving  the  topsoil  to  Its  new  loca¬ 
tion; 
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e)  backfilling  (restoration)  of  the  topsoil  layer  on  the  airfield 
surface  provided  for  in  the  plan; 

f)  final  rolling  of  topsoil  at  cut  and  fill  sections. 

The  composition  and  order  of  work  Involving  topsoil  are  esta¬ 
blished  by  the  plan  for  perfuming  the  earth  moving  operations. 

At  cut  sections,  the  topsoil  can  be  removed  simultaneously  from 
the  entire  area  of  the  contour  being  worked,  or  by  individual  strips, 
while  at  fill  sections  this  must  be  done  for  the  entire  area  of  the 
contour  at  the  same  time.  Temporary  windrowing  of  topsoil  Is  most  con¬ 
veniently  done  outside  the  limits  of  the  worked  section  (Pig.  10). 
However,  when  dealing  with  large  areas.  It  may  be  wlndrowed  on  the  site 
proper.  In  this  case,  the  removal  of  the  topsoil  and  the  subsequent 
quarrying  of  the  cut  are  performed  In  strips,  with  the  topsoil  wind- 
rowed  at  intermediate  strips  (Pig.  11). 

After  the  earth  moving  operations 
are  finished  and  the  topsoil  layer  Is 
restored,  the  same  sequence  of  work  is 
maintained  In  working  with  topsoil  at 
strips  which  were  first  used  for  stor¬ 
ing  It. 

The  width  of  strips  from  which 
the  topsoil  Is  taken  is  established, 
depending  on  the  area  and  volume  of 
operations  and  also  on  the  mechaniza¬ 
tion  facilities. 

In  individual  cases,  when  it  is 
necessary  to  quarry  the  entire  cut 
area  at  the  same  time,  it  is  peril tted 
to  temporary  windrow  topsoil  at  the 
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Pig.  10.  Scheme  for  wind- 
rowing  of  topsoil  outside 
the  limits  of  the  worked 
section,  a)  One- direction¬ 
al;  b)  two-directional;  l) 
direction  of  topsoil  dis¬ 
placement;  2)  direction  of 
mineral  soil  displacement; 
3)  temporary  topsoil  wind¬ 
rows. 


point  where  the  strips  meet. 

Topsoil  Is  removed  from  sections  tobbe  paved  b.  Individual  areas 
extending  over  the  entire  width  of  the  sub  pavement  bed.  Temporary 
placement  of  topsoil  at  the  bed  shoulders  and  also  at  places  not  pro¬ 
vided  for  In  the  plan  Is  not  penaltted. 


Fig.  11.  Scheme  for  removing  and  restor¬ 
ing  the  topsoil  layer  when  making  a  cut. 

In  alternating  strips,  a)  Meters;  b) 
hauling  away  to  a  fill);  c)  topsoil  lay¬ 
er 

When  the  airfield  area  contains  a  large  number  of  small  cut  and 
fill  contours,  placed  at  a  comparatively  small  distance  from  one  an¬ 
other,  It  Is  possible  to  use  the  mutual  exchange  method,  according  to 
which  topsoil  of  one  contour  taken  from  a  temporary  windrow  Is  imme¬ 
diately  moved  to  another  contour,  where  the  work  with  mineral  soil  Is 
completed  by  that  time. 

The  topsoil  Is  loosened  and  broken  up  before  removal.  If  this  Is 
necessary.  This  work  should  be  performed  at  the  same  time  It  Is  wind- 
rowed,  without  allowing  excessive  drying  and  breaking  up. 

Topsoil  Is  loosened  by  multishare  agricultural  plows,  and  at  sec¬ 
tions  from  which  stumps  and  brushwood  has  been  cleared  this  Is  done  by 
brushwood  plows  or  by  five- support  cultivators.  The  plowing  patterns 
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used  are  strip,  loopless  and  fancy. 

The  soil  Is  broken  up  by  cultivators,  disk  and  standard  harrows 
pulled  by  a  tractor.  The  number  of  passes  necessary  for  loosening  Is 
established  on  the  basis  of  the  topsoil  density  and  Its  moisture  con¬ 
tent.  When  a  number  of  passes  are  made,  they  are  arranged  In  perpen¬ 
dicular  directions  If  this  Is  possible.  The  passes  of  equipment  which 
break  up  the  soil  should.  In  all  cases,  coincide  with  the  direction  of 
motion  of  the  soil  loosening  equipment. 

The  topsoil  Is  removed  and  replaced  by  bulldozers,  graders,  ele¬ 
vating  graders,  and  scrapers.  When  the  hauling  distance  Is  moderate 
(up  to  40-60  meters),  the  bulldozer  Is  the  most  productive  machine, 
since  It  completely  executes  the  entire  working  cycle  (removal,  wind¬ 
rowing,  and  replacement  of  the  topsoil). 

The  basic  technical  and  economic  characteristics  of  bulldozers 
being  used  are  given  In  Table  5» 

Bulldozers  work  is  traverse  cuts,  cutting  out  the  topsoil  layer 
of  the  section  and  removing  It  past  the  limits  of  the  operational 
area.  Depending  on  the  scheme  assumed,  windrowing  can  be  done  on  one 
or  two  sides  (Fig.  10). 

The  following  cutting  angles  are  used:  about  45°  at  difficult 
virgin  soils;  and  not  less  than  60°  at  non-cohesive  and  previously 
plowed  soils. 

The  deptch  to  which  the  mouldboard  is  sunk  into  the  soil  is  most 
conveniently  fixed  by  skis  which  are  attached  to  the  moulboard.  Skis 
are  also  used  in  grading  work. 

Preliminary  loosening  and  breaking  up  of  topsoil  which  is  worked 
by  a  bulldozer  is  necessary  only  in  the  case  of  difficult  virgin  soils. 

When  the  layer  thickness  is  not  considerable  and  also  when  work¬ 
ing  with  podzolic  subsoils,  it  is  convenient  to  remove  the  topsoil  by 
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a  combined  grader  and  bulldozer  operation  (Fig.  12).  In  this  case,  the 
graders  cut  iff  the  topsoil  and  pile  It  up  in  longitudinal  wind  ows 
placed  2-3  meters  from  one  another.  Then,  bulldozers  are  used  to  fur¬ 
ther  remove  the  windrows  outside  the  strip  being  cleared. 

Graders  work  the  soli  In  strips.  Tractoi*-drawn  scrapers  should  be 
rigidly  coupled  to  the  tractor.  The  coverage  angle  U3ed  at  light  pre¬ 
viously  plowed  soils  is  <50-70°,  and  that  used  at  difficult  virgin  and 
sod  covered  soils  is  35-40°.  The  grader  knives  are  set  at  35-50°  cut, 
ting  angles  (the  smaller  values  are  for  difficult  soils).  The  knife 
should  be  sunk  Into  the  soil  uniformly  over  the  entire  width  of  cover¬ 
age. 

Topsoil  la  removed  from  windrows  to  points  outside  the  limits  of 
the  section  being  cleared  at  both  sides  of  the  strip  by  bulldozer  pas¬ 
ses  across  the  strip  starting  from  the  middle.  The  bulldozer  perfonns 
no  work  at  the  return  trip.  Removal  can  also  be  effected  by  bulldozer 
passes  across  the  entire  strip  being  worked,  but  this  may  require  sev¬ 
eral  bulldozer  passes  over  the  same  track,  which  Involves  additional 
unnecessary  breaking  up  arid  rubbing  off  of  soli  particles.  To  Improve 
the  productivity  and  improve  the  quality  of  topsoil  removal  operations, 
the  cutting  edges  of  the  knife  should  be  properly  and  timely  sharpened. 

The  topsoil  layer  is  restored  and  leveled  out  by  a  bulldozer  or 
grader  and  It  is  graded  by  a  motor  grader.  To  increase  the  productivi¬ 
ty  In  grading,  the  motor  grader  should  be  provided  with  an  extra- length 
knife.  After  it  has  been  leveled,  the  topsoil  Is  finish-rolled  by 
light  smooth  rollers  weighing  3-5  tons. 

The  topsoil  layer  Is  successfully  removed  from  the  sub  pavement 
bed  by  scrapers,  which  Immediately  haul  away  the  soli  to  pre-asslgned 
points.  The  scrapers  move  In  transverse  passes.  It  Is  to  great  advan¬ 
tage  if  the  section  width  Is  close  to  the  soli  scoop  length,  but  prao- 


TABLE  5 


B  RMUmM  JM  KIMtli  IMIMKPM 


rnirmrsffi 


2, »  Ms  3.a  2,» 


^HaateMM  tarjjtewttor* 


.Hfwus  poni  w 
1911.  .  •  • 

QflVI  fCVIMMOi 


pirn  ycrtnom 


TMtpviMie 


•VMM, 


NMnom  iwrarut  At  f 
hoti  vomvn*.  tufruc  .  d 

Acc  iyj«ojfpi.  r.  e 

in  th>™p»  ■  wftma  f 


«  tpMWgow  i»ivfcr»g 


Ik  60 mats  mtkoc,  v  .  • 
PpiwCtOlRTf  »  «OCt»  fipli 

#ue*6ovst  fpywTM  m  m* 
Mtvrmnu  Mocvoa- 
Me. 

Mm  •  4 . 


8«  . 
Urn  . 
Mm  . 


.  4  .  . 


4.10  a.;» 

i.to  i.» 

!.*•  1.40 

1.0  1.0 


5.15  5. 
2.95  3. 
2.92  !  3. 
COO 


5.45  6.70 
4.10  3.20 
2.72  2.80 
COO  MX+mcs 
140  o 
17 


2.90  2.40 

14.2  16.8 

-  0^ 


60—  I  05—  1  • 
140  140  I 

49-6e«§ 


80—  1120— 
140  20) 

40-6'ta>-<» 
28— 36:45—55 


|&26—36{2S—36|28— 36,28— 36,45— 55 
P0-25  10— 2  ij20— 25pO— 2r  10— 40 
12— 20*12— 20112— 20j)0— 30 


A)  Designation  of  Indicators;  B)  indicators  for  bulldozer  brands;  C) 
D-216;  d)  D-159B;  E)  M4 9;  P)  D-157;  G)  D-271;  H)  D-2i'9;  I)  I>-275; 

J)  lencth  of  blade  along  the  cutting  edge,  meters;  K)  blade  height 
(along  the  chord),  meters;  L)  greatest  clearance  between  the  blade  and 
the  bearing  surface  of  crawlers,  meters;  M)  greatest  depth  of  penetra¬ 
tion  of  blade  below  the  bearing  surface  of  crawlers,  meters;  N)  cut¬ 
ting  angle  of  the  blade  knife,  degrees;  0)  angle  of  setting  the  blade 
in  the  plan,  degrees;  P)  angle  of  setting  the  blade  In  the  vertical 
plane,  degrees;  Q)  type  of  control;  R)  cable;  S)  hydraulic;  T)  overall 
5w£s^ns’*meter?;  U)  length;  V)  width;  W)  height;  X)  tractor  brand; 
i)  KI>-35;  Z)  ro-5 4;  a)  S-80;  b)  IT-140;  c)  engine  rating,  HP;  d)  fuel 
consumption,  kg/hour;  e)  bulldozer  weight,  tons:;  f)  without  the  trao- 
tor  and  the  control  unit;  g)  with  the  tractor  and  control  unit;  h) 
weight  of  side  panels,  tons;  l)  productivity  in  making  a  cut  or  fill 
and  nauling  away  the  soil,  meters-5 /hour;  j)  meters. 

tically,  work  can  be  done  for  any  section  length  and  width.  The  soil 
Is  scooped  up  at  a  constant  depth  of  cut,  which  is  established  depend¬ 
ing  cn  the  soil  type  and  the  required  depth  to  which  the  topsoil  must 
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be  removed. 


The  topsoil  layer  from  future  paved  sections  can  be  removed,  also, 
by  elevating  graders. 

The  elevating  grader  moves  along 
the  strip;  motions  In  both  directions 
being  working  passes,  here  the  turns 
should  be  made  outside  the  loading  li¬ 
mits.  The  length  of  coverage  for  en¬ 
suring  normal  operation  of  an  elevat¬ 
ing  grader  Is  established  as  not  less 
than  150-200  meter’s,  and  the  width  Is 
taken  as  15-20  meters.  When  using  ele¬ 
vating  graders,  the  topsoil  should  not 
be  first  loosened. 

The  productivity  of  an  elevating 
grader  decreases  sharply  In  excessive¬ 
ly  moist  soil  and  If  the  soil  is  consi¬ 
derably  littered  by  small  stones.  The 
use  of  elevating  braders  under  these 
conditions  Is  not  expedient. 

The  schemes  for  operating  the  ma¬ 


Flg.  12.  Scheme  of  combined 
grader  and  bulldozer  work 
In  removing  the  topsoils;  a) 
Scheme  of  grader  motion;  b) 
scheme  of  bulldozer  motion; 
A)  2-3  meters;  B)  20-30  cm; 
C)  start. 


chines  and  measures  for  Increasing  their  productivity  are  analogous  to 
schemes  for  excavating  mineral  soil  and  are  discussed  below  in  more 
detail. 


12.  EXCAVATING  CUTS  WITH  SCRAPERS 

The  scraper  unit  is  a  higlv- productivity  earth  moving  cyclical  ac¬ 
tion  nachir  ,  which  combines  the  loading  [scooping],  hauling  and  un¬ 
loading  of  soil,  which  convenlnently  distinguishes  It  from  other  earth 
digging  machines. 
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The  character  of  earth  moving  operations  attendant  to  airport 
construction,  creates  especially  favorable  conditions  for  the  use  of 
scrapers. 


Pig.  13.  Scraper  types:  a)  Self- 
propelled  with  a  single-axis 
tractor;  b)  tractoivdrawn  with  a 
crawler  tractor. 

Scrapers  are  used  for  layer  by  layer  excavation  of  cuts  with 
moving  the  soil  onto  a  fill  and  depositing  it  in  a  uniform  layer  of 
specified  thickness. 

In  scraper  work,  a  rought  grading  of  the  cut  and  preliminary  com¬ 
pacting  of  soil  in  fills  Is  also  achieved.  Scrapers  successfully  ex¬ 
cavate  cuts  v/ith  any  volume  of  earth  moving  work;  here,  the  greater 
the  volume  of  the  excavated  coil,  the  more  efficient  Is  the  scraper's 
work. 

For  nomal  scraper  operation,  the  cut  length  should  be  slightly 
greater  than  the  length  of  the  section  required  for  complete  loading 
of  the  scraper  scoop,  and  the  height  of  the  working  elevations  of  the 
cut  should  not  be  less  than  the  design  depth  of  cut  of  the  scraper  ty¬ 
pe  being  used.  Nonconformance  to  this  condition  results  in  lowering 
the  scraper  productivity. 

In  airport  construction,  use  is  made  of  tractor  drawn  scrapers 
with  a  scoop  capacity  from  1.5  to  15  meters^  and  semi-trailer  saddle 
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type  scrapers  with  single  or  twin-axle  wheeled  tractors  (Pig.  13). 

The  semi-trailer  scrapera  are  more  modern,  since  due  to  (their]  high 
speed  (up  tc  0  kilometers /hour) ,  they  are  distinguished  by  high  pro¬ 
ductivity,  especially  in  hauling  the  soil  over  large  distances. 

The  technical- characterization  of  scrapers  is  given  in  Table  6. 

In  addition  to  scrapers  enumerated  in  Table  6,  the  D-373  scraper 
consisting  of  paired  D-354  scrapers  is  being  adapted  (Fig.  14).  The 
D-373  scraper  is  considerably  more  productive  than  the  D-354  scraper. 
Here,  the  capacity  of  the  ET-54  tractor  is  more  completely  utilized. 
Under  difficult  conditions  (at  a  very  ra vinous  locality  ana  for  a 
short  hauling  distance),  the  D-373  scrapers  work  with  one  scoop. 

Scrapers  can  be  used  for  excavating  cuts  under  winter  conditions 
and  at  night  time. 

Iv  organizing  the  work,  it  should  be  kept  in  mind  that  the  pro¬ 
ductivity  of  scrapers  decreases  sharply  when  excavating  excessively 
moist  soils,  due  to  the  adherance  of  soil  to  the  scoop  bottom  and 
walls  and  Improper  scooping. 


Pig.  14.  General  view  of  the  D-373  paired  scraper. 

The  operational  productivity  of  scrapers  is  determined  by  the 


formula 


where  H  is  the  scraper  productivity,  meters  ^  /hour 
trie  capacity  of  the  scoop,  meters^,  ^  Is  the  sc 
clent;  Xy  is  the  coefficient  of  working  time  util 
time  of  one  working  cycle,  sec.j  and  Kr  Is  the  sc 
clent. 
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l)  Designation  of  Indicators;  2)  Indicators  by  : 
^-217 ;  4)  p-183  (D-183B) ;  5)  D-230;  6)  D-J54;  7) 
D-222A:  10)  D-374;  11)  D-213  (D-21JA);  12)  D-35, 
14)  D-189;  15)  type  of  scraper;  16)  single  axle : 
capacity  of  scraper  scoop,  r.eters3;  19)  geemetr 


where  u  la  the  scraper  productivity,  meters  vhour;  is  the  geome- 

trio  capacity  of  the  scoop,  meters^,  is  the  scoop  filling  coeffi¬ 
cient;  Ky  Is  the  coefficient  of  working  time  utilization;  T^#  Is  the 
tine  of  one  working  cycle,  sec.;  and  Kr  Is  the  soil  loosening  coeffl 
dent. 
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21)  width  of  cut,  mm;  22)  greatest  depth  of  cut,  nan;  23)  cutting  angle 
of  knife,  degrees;  24)  greatest  soil  fill  layer,  nm;  25)  scraper  turn¬ 
ing  radius,  meters;  26)  up  to;  27)  the  wheel  system:;  2o)  number  of 
wheels;  29)  tire  dimension.  Inches;  30)  air  pressure  In  chambers,  atm; 
31)  gauge,  mm:;  23)  of  single  axle  scraper  wheels;  33)  of  front  wheels 
of  twin  axle  scrapers;  34)  of  rear  wheels  of  twin  axle  scrapers;  35) 
road  clearance  under  scraper  scoop  knives  In  the  transportation  posi¬ 
tion,  mm;  36)  smallest  path  for  reversing  direction  of  motion,  mm;  37) 
control;  3°)  cable;  3?)  hydraulic;  40)  overall  dimensions,  mm:;  4l) 
length;  42)  width;  43)  height  In  moving  position;  44)  length  when 
coupled  to  a  tractor  or  tow  car;  45)  tow  car  of  tractor  type;  46)  KI>-35; 
47)  DT-54;  48)  S-80;  49)  S-100;  50)  S-140;  5l)  MAZ-529V;  52)  S-l4o  and 
pusher;  53)  MA2J-525D;  54)  tow  car  or  tractor  rating;  HP;  55)  weight  of 
empty  scraper.  Kg;  56)  weight  when  coupled  to  tractor,  kg;  57)  method 
of  unloading;  58)  turning  over  the  scoop  in  forward  direction;  59)  po¬ 
sitive;  60)  semipositive. 


The  duration  of  one  working  cycle  will  be  equal  to 

where  lnAn  Is  the  time  for  filling  the  scoop,  secs. ;  lgj/vgr  ls  the 
30II  hauling  time,  secs. ;  lr/vr  is  the  scraper  unloading  time,  secs. ; 
IjdAkh  ls  the  ^turning  tine  of  the  empty  scraper,  secs. ;  tpr  are 
other  tine,  expenditures  (turns,  shifting  of  gears,  etc.),  secs.;  1  , 

lgr»  ^r*  ^kh’  vn'  vgr*  vr  3X1(1  vkh>  re3Pectively  are  distances  and  ra¬ 
tes  of  loading,  hauling,  unloading  and  the  return  trip  of  the  scraper. 

Tne  duration  of  the  working  cycle  and  the  coefficient  of  scraper 
scoop  filling  are  the  basic  factors  which  substantially  Influence  the 
scraper  productivity. 

Optimal  Conditions  for  Loading  Soli  into  the  Scraper  Scoop 

An  attempt  should  be  made  at  the  soil  loading  section  to  achieve 
maximum  filling  of  the  scoop  at  the  shortest  distance. 

The  length  of  path  required  for  filling  the  scraper  depends  on 
the  scoop  volume  and  on  the  degree  to  which  It  is  filled,  on  the  width 
and  depth  of  cut  and  on  the  coil  loosening  coefficient. 

The  distance  of  scraper  scoop  filling  is  determined  by  the  fon- 
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mula 


where  Is  the  geometric  capacity  of  the  scraper  scoop*  met  rrs3; 
is  the  filling  coefficient;  K  is  the  loosening  coefficient;  B  is  the 
width  of  cut*  meters  and  h  is  the  thickness  of  the  layer  being  cut* 
meters. 

Before  the  earth  moving  operations  start*  the  loosening  coeffi¬ 
cients  should  be  determined  experimentally  by  the  construction  labo¬ 
ratory  for  each  section. 

The  average  values  of  soil  loading  paths  for  scrapers  are  as  fol¬ 


lows: 


D-183,  D-230  (2.25-2.50  meters3) 
D-288  (6-8  meters3) 

D-213  (10-12  meters3) 

D-188  (15-18  meters3) 


12-14  meters 
18-22  " 
26-28  " 
3^-38  " 


Wien  loading  cohesive  soils  into  the  scraper  scoop,  the  soil  lay¬ 
er  at  the  beginning  of  cut  moves  along  the  bottom,  then,  having  reach¬ 
ed  the  rear  wall  is  broken  up  and  continues  to  move  into  the  scoop 
over  soil  which  is  already  there.  Further  filling  of  the  scoop  takes 
place  by  successive  deposits  of  soil  layers. 

After  the  lower  part  of  the  scoop  is  filled,  the  cut  soil  layer 
can  get  „nto  the  scoop  only  by  overcoming  the  thickness  of  soil  al¬ 
ready  in  the  scoop.  This  character  of  filling  shows  that  the  loading 
regime  should  not  be  constant.  For  this  reason,  cohesive  soils  should 
be  cut  by  the  wedge  method  (Fig.  15). 

At  the  beginning,  the  soil  is  loaded  at  an  optimal  depth  of  cut, 
with  maximal  utilisation  of  the  tractor  capacity.  Subsequently,  due  to 
increasing  pulling  resistance,  when  the  insufficient  capacity  of  the 
engine  is  felt,  the  depth  of  cut  is  gradually  decreased.  Thus,  the 
loading  section  passed  by  a  scraper  takes  on  a  stepped  or  wedge  shaped 


form. 
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Fig.  15.  Wedge  schemes  of 
cutting  In  excavating 
sandy  loam  and  argillaceous 
sand  soils  using  D-222 
scrapers,  a)  cm;  b)  meters. 


ered  to  maximum  depth  and  then, 
ly,  the  apron  Is  lowered  on  the 


When  a  scraper  works  In  loose 
soil,  no  soil  shavings  are  obtained,  a 
roll  of  soil  Is  formed  ahead  of  the 
knife.  For  this  reason,  at  loose  soils 
(sand,  sandy  loam),  which  fill  the 
scoop  poorly,  use  should  be  made  of 
the  ’.rave  shaped  cutting  scheme  (Fig. 
16),  in  which  the  scoop  is  first  low- 
when  the  engine  starts  to  work  uneven- 
drag  prism,  and  the  scoop  Is  raised. 


Fig.  16.  Wavy  cutting  scheme. 
»)  “l  nach.  ”>• 


The  8 coop  Is  raised  and  lowered  several  times  (4-5  and  more). 
Here,  due  to  the  upward  motion  of  the  scoop,  the  soil  Is  several  times 
moved  toward  the  rear  wall  and,  on  multiple  "bites",  the  scoop  13  fil¬ 
led  by  10*15#  more. 

The  use  of  the  wave  shaped  scheme  Interferes  with  Intensive  In¬ 
crease  of  the  drag  prism  and,  consequently,  has  a  beneficial  effect 
on  the  scoop  filling. 

When  loading  soil  by  the  wavy  scheme,  the  tractor  operator  should 
pay  special  attention  to  the  winch  and  not  allow  It  to  overheat. 

Soli  Is  cut  to  variable  depth  in  rough  cuts,  when  the  height  of 
working  elevations  exceeds  the  maximum  penetration  of  the  scraper 
scoop.  The  last  scraper  passes  also  effect  rough  grading  of  the  cut 
surface,  for  which  reason »  despite  the  lowering  of  the  filling  coeffi¬ 
cient,  it  becomes  necessary  to  use  a  constant  cutting  depth. 

The  effectiveness  of  filling  the  scoops  of  D-147  and  D-222  scra- 
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pers  with  soil,  depends  on  the  apron  position  during  cutting.  In  the 
beginning  of  loading,  when  the  soil  flows  freely  from  the  cutting  ed¬ 
ge  to  the  back  wall  and  is  spread  on  the  scoop  bottom,  the  apron 
should  be  lifted  by  60-70  cm,  so  as  not  to  Interfere  with  the  soil  en¬ 
tering  the  scoop. 

Then,  when  the  soil  beglng  to  accumulate  at  the  forward  part  of 
the  scoop,  the  clearance  between  the  cutting  edge  and  the  apron  Is  de¬ 
creased  by  20-25  cm  at  noncoheslve  soils  and  by  UO  cm  at  cohesive 
soils.  At  the  end  of  the  filling  operation,  when  the  soil  Is  supplied 
to  the  scoop  at  high  pressure,  the  apron  should  again  be  raised  by 

It  Is  expedient  to  cut  the  soil  ac¬ 
cording  to  an  alternating  comb-like  scheme 
(Pig.  18).  The  substance  of  this  method 
consists  In  the  fact  that  the  soil  is  cut 
from  the  edge  of  the  cut  by  Individual 
strips,  so  that  a  strip  of  uncut  soil, 
equal  approximately  to  half  the  width  of 
the  scraper  scoop,  remains  between  them. 

The  cutting  row  following  the  first  starts 
approximately  from  the  middle  of  the  path 
needed  for  filling  the  scoop  when  cutting 
the  first  row.  At  the  end  of  filling  opera¬ 
tion,  when  the  greatest  pulling  effort  by 
the  tractor  is  required,  a  narrower  strip 
is  cut  and  the  side  'walls  cf  the  scoop  are 
not  required  to  perform  cutting  work,  which  creates  conditions  for 
more  complete  and  rapid  filling  of  the  scoop.  The  scoop  filling  coef¬ 
ficient  reaches  1.1,  and  the  filling  time  is  decreased  by  approximately 
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15-20  cm  (Fig.  17). 
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Pig.  17.  Position  of 
aprons  of  D-222  (D-147) 
scrapers  during  the  f 
filling  of  scood.  a) 
first  period;  b)  seo- 
ond  period;  c)  third 
period;  A)  cm;  B) 
drag  prism. 


a  factor  of  1.5  in  conparlson  with  straight  cuttln 


Pig.  18.  Alternating  comb- shaped  scheme  for  soil  cutting  by  scrapers. 
1,  2,  3,  etc..  Is  the  sequence  of  cuts.  Dimensions  In  parentheses  are 
for  low-cohesion  soil.  A)  Meters;  B)  cm;  C)  longitudinal  section  I-I; 
D)  cross  sections  of  chips;  E)  direction  of  scraper  motion. 


To  better  fill  the  scraper  scoop,  especially  at  cohesive  soils. 
It  13  recommended  to  Install  special  teeth  or  stepped  cutting  edges 
(Pig.  19). 


Pig.  19.  Used  and  recommended  ty¬ 
pes  of  cutting  edges  for  scrapers 
of  the  following  brands:  a)  D-222; 
b)  D-183B;  c)  D-354;  I)  old  design; 
H)  recommended  design 


It  Is  recommended  that  cutting  edges  be  re/ersed,  or  replaced,  on 
the  average  after  300-^00  hours  of  work.  Irrespective  of  the  cutting 


method,  the  soil  should  be  loaded  with  maximally  possible  layer  thick¬ 


ness.  The  recommended  depth  of  cut  is  given  In  Table  7. 
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A)  Scoop  capacity  of  the  dravm  scraper; 

B)  rating,  HP,  of;  C)  recommended  cut¬ 
ting  depth,  cm;  D)  pulling  tractor;  E) 
pusher  tractor;  F)  sand;  G)  loam;  H) 
clay. 

The  total  tractor  pull  Is  used  only  at  the  end  of  scoop  filling. 
The  pull  effort  in  loading  of  soli  can  be  temporarily  increased  by 
using  a  pusher  tractor,  whose  rating  should  correspond  to  that  of  the 
pulling  tractor.  The  scraper  and  pusher  should  always  move  along  the 
same  line  with  the  same  speed. 

The  use  of  a  pusher  Is  the  more  advantageous,  the  longer  the 
working  cycle  and  the  larger  the  scraper  for  the  same  tractor  pull 
(furthermore,  a  pusher  coupled  to  a  ripper  can  be  used  for  loosening 
the  soli).  The  use  of  a  pusher  Is  most  effective  for  several  scrapers. 
One  pusher  located  In  the  cut  will.  In  turn,  serve  several  scrapers, 
the  number  of  which  can  be  determined  by  the  formula 


where  Nsla,  is  the  number  of  scrapers  served  by  a  single  pusher;  T^s 
is  the  duration  of  the  scraper  working  cycle;  t  Is  the  scoop  filling 
time;  t  is  the  time  spent  by  the  pusher  In  moving  from  one  scraper 
being  served  to  another. 

In  serving  several  scrapers  by  one  pusher  at  extensive  cuts.  It 
Is  recommended  to  use  the  chain  loading  scheme  consisting  in  the  fact 
that  the  pusher  is  positioned  on  the  soil  loading  line  and,  in  sequen¬ 
ce  as  It  moves.  It  assists  the  scrapers  in  cutting  into  the  soil 
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(Fig.  20).  It  the  beginning,  the  pu3her  assists  the  first  scraper  In 
loading  soli,  then  In  sequence.  It  assists  the  second  and  the  third. 
This  method  considerably  decreases  the  time  spent  In  maneuvering  the 
pusher.  If  the  cut  Is  situated  between  two  fills,  then  the  method  of 
pusher- scraper  operation  shown  In  Fig.  21  can  be  used. 
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Fig.  20.  Work  of  scraper  with  a  pusher  in  cutting  of  soli,  a) 
Loading  soil  by  scraper  No.l;  b)  soil  loading  by  scraper  No. 2; 
c)  soil  loading  by  scraper  No. 3;  d)  the  pusher  moves  to  new 
position;  e)  loosened  soil;  f)  pusher  returns  In  reverse;  g) 
movement  of  loaded  scrapers;  h)  movement  of  empty  scraper  No.l; 
i)  movement  of  empty  scraper  No. 2;  J)  movement  of  empty  scra¬ 
per  No.  3. 


When  working  in  hard  soils,  which  excavate  with  difficulty,  pre¬ 


liminary  loosening  should  be  performed,  which  Is  usually  done  by  the 
D-162A  heavy  type  ripper.  To  Improve  the  scoop  loading,  the  soil 


should  not  be  excessively  pulverized,  for  which  reason  It  is  recommen¬ 


ded  to  remove  two  teeth  from  the  ripper. 

Excessive  pulverization  of  the  soli  results  in  lowering  the  pul¬ 
ling  effort  of  the  tractor  and  In  increasing  the  resistance  to  the 
scraper  motion. 

The  soil  is  loosened  by  layers.  It  Is  not  permitted  to  produce  a 
large  stockpile  of  loosened  soil,  since  it  dries  out  in  hot  'weather, 
the  lumps  harden  and  further  excavation  and  compacting  in  fills  of 
this  soil  is  made  more  complicated,  and  in  the  excessively  moist  state 
cex’tain  loosened  soils  melt  and  then  do  not  dry  for  long  periods. 
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Innovating  scraper  operators, 
when  working  In  hard  soils,  use  volume 
loosening  tt  eth  mounted  on  the  scraper 
cutting  edge,  which  Increases  the  pro¬ 
ductivity  by  30-^055. 

Substantial  Influence  on  scraper 
productivity  Is  exerted  by  the  moisture 
content  of  the  excavated  soil.  The 
traction  between  crawlers  and  the 
ground,  decreases  sharply  when  working  In  raw  and  sticky  soli,  and  the 
attendant  skidding  decreases  the  filling  of  the  scraper  scoop.  The 
work  of  scrapers  under  these  conditions  is  very  difficult  and  practi¬ 
cally  Inexpedient.  However,  Increasing  the  soil  moisture  Content  to 
specified  limits,  conversely.  Improves  the  scraper’s  working  condi¬ 
tions,  since  It  results  In  lowering  the  cutting  force  and  Increases 
the  cohesion  of  sandy  soli. 

Better  scoop  filling  is  achieved  In  working  with  loamy  soil  with 
an  approximately  15^  moisture  content,  and  In  sandy  and  sandy  loam 
soils  with  an  8-9^  moisture  content.  Extremely  dry  soil  should  be  arti¬ 
ficially  wetted. 

In  excavating  cuts,  proper  use  should  be  made  of  the  local  topo¬ 
graphy.  As  far  as  possible,  the  soli  should  be  loaded  when  the  scraper 
unit  moves  downhill  along  the  slope. 

Work  along  a  slope  ensures  the  smallest  expenditure  of  capacity 
with  the  highest  value  of  filling  coefficient.  Thus,  the  required  pul¬ 
ling  effort  for  a  tractor  coupled  with  a  D-222  scraper  decreases  by 
7-12)3  in  comparison  with  loading  on  a  level  section.  The  obtained 
tractor  force  reserve  makes  It  possible  to  increase  the  shaving  thick¬ 
ness  and,  consequently,  also  the  coefficient  of  scraper  scoop  filling 


Pig.  21.  Scheme  of  pusher 
{  operation  when  a  cut  is 
situated  between  two  fills, 
a)  Scraper  1;  b)  scraper  2; 
ci  scraper  3»  <0  scraper  4; 

e)  width  of  work  section; 

f)  length  of  work  section. 


by  a  factor  of  1. 2-1.5. 

Preliminary  grading  of  the  surface  of  the  cut  should  be  achieved 
on  final  scraper  passes  (Pig.  22). 


Pig.  22.  Scheme  of  scraper  work  on  grading 
of  the  airfield  surface:  a)  Scheme  of  scra¬ 
per  motion;  b)  position  of  the  scraper's 
working  elements  with  semi- positive  unload¬ 
ing. 

The  scraper  scoop  cutting  edge  cuts  off  small  mounds  and  fills 
small  depressions  with  the  soil  thus  cut  off,  thus  grading  the  sur¬ 
face.  Highly  skilled  scraper  operators  obtain  grading  precision  within 
the  limits  of  +  6-8  cm.  In  grading,  care  should  be  taken  that  the  pres¬ 
sure  in  the  scraper's  tires  should  be  the  same. 

Hauling  the  Soil  from  Cuts  into  Pills 

The  soil  hauling  operations  by  scrapers  consist  of  the  hauling 
proper  of  the  soil  to  the  fill  and  returning  the  scraper  to  the  cut  to 
the  soil  loading  point.  The  time  needed  for  these  operations  is  deter¬ 
mined  by  the  formula 

where  tfcr  is  the  time  of  hauling  operations;  igj/Vgp  is  the  soil  haul¬ 
ing  time;  lp0r/vp0r  is  the  empty  trip  time,  tz  is  time  spent  in  turn¬ 
ing  and  changing  gears. 

Even  when  the  hauling  distance  is  not  considerable  (100-250  me¬ 
ters),  the  time  used  up  for  hauling  operations  comprises  70£  of  the 
total  productivity  of  the  cycle  and  has  a  substantial  effect  on  the 
scraper  productivity. 
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An  attempt  should  be  made  that  the  loaded  scraper  should  move,  as 
far  as  possible,  downhill,  using  for  this  purpose  the  topography  of 
the  locality,  or  ^y  appropriately  organizing  the  work  of  the  scrapers. 

Soil  hauling  roads  must  be  built  and  maintained  In  good  condition 
for  the  movement  of  scrapers.  This  can  be  done  by  the  scrapers,  or  by 
a  specially  assigned  bulldozer  which  patrols  the  construction  site. 

The  expenditures  Incurred  In  maintaining  soil-hauling  roads,  pay  for 
themselves  fully  by  Increasing  the  scraper’s  productivity. 

In  excavating  cuts  with  design  elevations  of  more  than  1.5  me¬ 
ters,  the  construction  of  special  ramps  is  required. 

Efficient  utilization  of  scrapers  requires  a  thoroughly  thought 
out  scheme  of  their  movement,  which  Is  chosen  taking  into  account  the 
following  basic  requirements: 

a)  the  scraper  should  move  from  the  cut  to  the  fill  along  the 
shortest  route  without  turning  around  and  using  favorable  slopes; 

b)  the  length  of  the  quarry  should  be  such  that  It  would  ensure 
complete  loading  of  the  scraper  scoop; 

c)  the  length  of  the  unloading  path  should  be  sufficient  for  com¬ 
plete  and  convenient  unloading  of  the  scoop. 

The  following  schemes  of  scraper  travel  are  most  frequently  used 
in  airport  construction: 

1)  along  an  ellipse; 

2)  along  a  two-sided  ellipse; 

3)  zigzag; 

4)  along  a  two  sided  loop  (figure  eight). 

Moving  along  an  ellipse,  the  scraper,  upon  loading  soil  in  the 
cut  moves  to  the  unloading  site  of  the  fill,  unloads  and  returns  to 
the  cut,  moving  along  a  closed  elliptical  curve  (Pig.  23a).  Here,  one 
working  cycle  of  the  scraper  contains  two  turns.  To  prevent  nonunifonr. 
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wearing  o l  the  traction  system,  it  is  expedient  to  periodically  change 
the  direction  of  scraper  motion.  The  scraper  scoop  is  filled  in  the 
cut  and  unloaded  in  the  fill  along  rectilinear  paths. 

Scraper  travel  along  an  ellipse  is  used  in  the  case  when  the  work 
site  consists  of  individual  cuts  and  fills  far  removed  from  one  an¬ 
other  (300-500  meters),  with  a  local  balance  of  earth  masses. 

When  a  cut  is  situated  between  fills,  use  is  made  of  the  two- 
sided  ellipse  scheme  of  motion  (Pig.  23b),  moving  along  which  the 
scraper  is  twice  loaded  and  unloaded  in  a  single  cycle.  Working  along 
this  scheme,  the  scraper  makes  two  l8o°  turns  when  performing  two  un¬ 
loading  operations.  The  two  sided  elliptical  scheme  is  most  effective 
when  hauling  soil  over  distances  not  greater  than  200-250  meters  and 
when  the  operations  are  performed  in  sections,  or  small  section,  with 
a  common  balance  of  earth  masses  within  the  limits  of  several  cuts  and 
fills,  situated  at  comparatively  moderate  distances  from  one  another. 

The  zigzag  scheme  of  scraper  operation  is  efficient  when  cuts  and 
fills  of  considerable  length  and  small  width  are  situated  close  to  one 
another. 

The  scrapers  move  along  a  zigzag-shaped  line  along  the  fill,  al¬ 
ternately  moving  into  the  cut  for  loading  soil  and  into  the  fill  for 
unloading.  At  the  end  of  section,  the  scrapers  make  a  180°  turn  and 
return,  rapeating  alternate  loading  and  unloading  of  soil. 

The  zigzag  scheme  of  scraper  movement  gives  considerable  saving 
of  time  in  making  turns.  The  disadvantage  of  this  system  is  the  large 
number  of  ascents  and  descents. 

The  scraper  movement  schemes  discussed  above  are  only  basic  and 
will  change  depending  on  the  specific  working  condition.  Thus,  for 
example,  when  the  cuts  are  situated  parallel  (relative  to)  fills  and 
when  the  soil-hauling  distance  is  greater  than  200  meters,  it  is  ex- 
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Pig.  23.  Scheme  of  ocraper  movements  In 
excavating  cuts:  a)  Elliptic;  b)  two- 
sided  ellipse;  c)  along  a  two-sided  loop; 
l)  cut;  2)  contour  of  cut;  3)  contour  of 
fill;  4)  fill;  5)  meters;  6)  soil  loading; 

7)  unloading. 

pedlent  for  the  scraper  to  move  along  a  double  loop  scheme  (Fig.  23c). 
When  moving  along  this  scheme,  the  scraper  makes  180°  turns  at  the 
ends  of  the  section  and  30-40°  turns  In  the  middle  part. 

Unloadlnr  the  Sell 

When  unloading  the  soil  into  a  fill,  special  attention  should  be 
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paid  to  quality  performance  of  this  operation.  The  tir.e  of  soil  un¬ 
loading  by  scrapers  Is  net  considerable  and  does  not,  as  a  rule,  ex¬ 
ceed  2-3*  of  the  total  duration  of  the  working  cycle. 

The  soil  supplied  by  scrapers  directly  to  the  filling  point 
should  be  unleaded  In  strips  along  the  fill  axis.  The  scoop  Is  unload¬ 
ed  with  the  tractor  In  second  gear  moving  along  a  straight  line,  which 
ensures  normal  operation  of  the  tractor  and  proper  grading  of  the  soil 
being  unloaded.  For  soil  unloading,  the  scoop  is  lowered  so  that  a 
clearance  can  be  obtained  between  the  cutting  edge  and  the  fill,  equal 
to  the  thickness  of  the  unloaded  layer. 

When  unloading  loose  and  free  flowing  soils,  the  scoop  apron  is 
raised  by  40-50  cm,  and  when  unloaded  heavy  sticky  and  cohesive  soil 
it  Is  first  raised  to  full  height  and  then,  as  the  soil  Is  pushed  out. 
It  I3  alternately  raised  and  lowered,  thus  loosening  the  soli. 

The  unloading  of  scrapers  In  raw  soils,  as  is  the  case  with  load¬ 
ing,  is  difficult.  For  this  reason,  the  unloading  In  these  soils 
should  be  perfonned  gradually.  In  several  steps,  by  alternately  moving 
the  tailgate  or  the  bottom  forward  and  then  backward.  The  unloading 
should  not  be  performed  att  at  one  time,  since  this  results  In  over¬ 
straining  and  Increased  wear  of  the  cable  and  winch.  The  scoop  must  be 
systematically  cleaned  of  the  soil  which  sticks  to  it. 

Sand  is  exoediently  unloaded  by  thin  layers,  which  ensures  its 
better  compacting  and  lowers  the  resistance  to  the  motion  of  scraper 
and  tractor. 

The  soil  Is  filled  in  layers  of  specified  thickness;  the  succeed¬ 
ing  layer  Is  filled  alongside  the  preceding  one  to  obtain  an  even  fill 
surface.  It  has  been  established  that  multiple  passes  of  a  tractor  and 
scraper  along  the  same  path,  effect  preliminary  compacting  of  soil 
which  decreases  the  need  in  subsequent  compacting.  For  this  reason.  In 
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order  to  provide  for  preliminary  compacting  of  the  fill,  the  unloading 
of  scrapers  is  started  at  the  forward  edge  of  the  section  so  that 

} 

each  succeeding  soil  load  is  unloaded  at  the  end  of  the  preceding  fil¬ 
ling. 

The  D-147,  D-222,  D-213  and  I>-ll8  scrapers  are  unloaded  in  for¬ 
ward  motion,  and  D-I83,  D-230  and  D-217  scrapers  are  unloaded  by  over¬ 
turning  the  scoop  in  the  forward  direction. 

After  unloading,  the  scoop  is  placed  in  the  traveling  position. 
The  scraper  is  transported  in  high  tractor  gear. 

Organizing  Scraper  Operations 

Scraper  operations,  as  a  part  of  earth  moving  operations,  are 
performed  on  the  basis  of  the  operations  organization  plan. 

The  excavating  work  should  begin  at  the  highest  point  of  the  cut 
1  and  the  soil  should  be  filled  at  the  lowest  point  of  the  fill. 

Preparatory  work,  which  includes:  clearing  the  site  of  roots, 
stones,  stumps;  temporary  drainage  of  the  site;  construction  of  soil 
hauling  roads  from  the  cut  to  the  fill;  loosening  the  soil  (if  this 
is  necessary),  should  be  finished  prior  to  the  commencement  of  scra¬ 
per  operations. 

Having  performed  the  necessary  preparatory  work  and  having  re¬ 
moved  the  topsoil  layer,  an  immediate  start  is  made  of  scraper  opera¬ 
tic  ns. 

The  scraper  operators,  after  familiarising  themselves  with  the 
recommended  scheme,  should  be  familiarized  at  the  site  with  working 
conditions  (topography,  soils,  hauling  distance,  etc). 

The  routes  of  soil  hauling  roads  are  laid  out  so  as  to  minimize 
the  number  of  turns  made  by  the  loaded  scraper. 

For  grading  work,  the  bottom  and  apron  of  scraper  Is  raised  and 
the  cutting  edge  Is  lowered  to  the  required  depth. 
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The  tyr<;  of  scraper  is  chosen  In  accordance  v:ith  average  soil 
hauling  distances,  the  character  and  amount  of  earth  moving  work. 

The  economically  expedient  soil  hauling  distance  for  the  D-217 
scraper  (1.5  meters3)  is  up  to  100-150  meters,  for  the  D-I83  scraper 
(2.25  meters3)  it  Is  up  to  150-200  meters,  for  the  D-149  and  D-222 
scrapers  (6.0  meters3)  it  is  up  to  400  meters,  for  the  I>-213  scraper 
(10.0  meters3)  it  is  up  to  600  meters,  and  for  the  M88  scraper 
(15.0  meters3)  it  is  up  to  800  meters.  For  larger  hauling  distances, 
it  is  more  expedient  to  use  self-powered  scrapers. 

Increasing  the  hauling  speed  is  the  most  effective  measure  for 
increasing  the  productivity  of  scrapers. 

At  cuts  with  large  volumes  of  earth  moving  work.  It  Is  always  ex¬ 
pedient  to  use  high  capacity  scrapers,  even  when  the  soil  hauling  dis¬ 
tance  is  small. 

The  basic  conditions  for  high  scraper  productivity  are: 
compiling  of  a  well  thought-out  scheme  for  the  movement  of  scra¬ 
per  units  and  strict  adherence  to  them; 

timely  performance  of  all  preparatory  work; 
construction  of  earth  hauling  roads; 
proper  use  of  the  tractor  capacity; 

use  of  pusher  tractors  In  loading  soil  onto  the  scraper  scoop  or 
preliminary  loosening  of  the  soil; 

ensuring  maximum  filling  of  scoop  over  the  shortest  distance; 
proper  use  of  tractor  gear  [positions]  In  filling  the  scoop  and 
moving  the  scraper; 

increasing  the  time  utilization  coefficient,  which  is  achieved  by 
careful  maintenance  and  quality  repair  of  the  scraper  and  tractor; 

proper  choice  of  the  scraper  type  depending  on  the  character  of 
operations  and  the  average  soil  hauling  distance; 
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systematic  sharpening  of  the  cutting  edge  and  installing  teeth  on 
the  cutter  in  hard  soils. 

Cuts  can  be  excavated  by  scrapers  even  at  night,  for  which  the 
lightning  system  and  electrical  equipment  should  be  in  good  working 
order.  Cut  and  fill  sites  where  a  large  amount  of  work  is  performed 
should  be  additionally  lighted.  Use  can  be  made  for  this  purpose  of 
type  P30-45  projectors,  mounted  on  wooden  or  metallic  towers  up  to  6 
meters  high. 

The  scrapers  should  work  at  least  in  two  shifts.  The  nonn  per 
each  cubic  meter  of  scoop  capacity  is  5.5-6. 0  thousand  meters^  per 
year. 

13.  EULLDOZING  OP  CUTS 

The  use  of  bulldozers  is  efficient  when  excavating  comparatively 
narrow  cuts  adjacent  to  fills,  if  the  soil  hauling  distance  does  not 
exceed  40-60  meters,  or  up  to  100  if  a  favorable  downhill  slope  is 
available.  When  soil  has  to  be  hauled  over  larger  distances,  the  bull¬ 
dozer  productivity  decreases  sharply  and  its  operation  ceases  to  be 
economical. 

The  bulldozer,  as  the  scraper,  performs  by  itself  almost  the  en¬ 
tire  cycle  of  earth  moving  operations,  namely:  cutting  the  soil  and 
moving  it  to  the  fill,  unloading  and  rough  grading. 

Cuts  are  bulldozed  by  transverse  passes.  The  soil  is  cut  off  in 
individual  strips,  the  thickness  of  which  depends  on  the  soil,  its 
density  and  the  tractor  capacity.  The  sequence  of  bulldozer  passes 
should  be  such  that  the  cutting  and  hauling  of  soil  should  proceed 
downhill,  and  the  loaded  and  empty  trips  should  be  shortest  with  the 
smallest  possible  number  of  turns. 

In  airport  construction,  use  is  made  of  bulldozers  mounted  on 
crawler  tracters  KD-35,  ET-54,  S-80  and  ET-140.  The  technical  and  ope- 
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rational  characteristics  of  bulldozers  were  given  in  Table  5*  A  bull¬ 
dozer  can  [also]  be  mounted  on  a  twin-axle  wheeled  tractor. 

The  bulldozer  productivity  in  excavating  and  hauling  of  soil  Is 
determined  by  the  formula 

*-aT5*  "3/hour 

where  £  Is  the  soil  volume  In  solid  state  moved  by  the  bulldozer,  me- 
ters^;  T  Is  the  duration  of  cycle,  secs. ;  Kyj,  is  the  bulldozer  time 
utilization  coefficient,  equal  to  0. 85-O. 90. 

The  volume  of  solid  soil  moved  by  a  bulldozer  can  be  approximate¬ 
ly  determined  by  the  formula 


«i 


where  3L  5.s  the  blade  length,  meters;  H  is  the  blade  height,  meters; 

K^,  Is  a  coefficient  accounting  for  the  loosening  of  the  soil;  $  is  the 
angle  of  the  natural  slope;  and  u  is  the  loss  coefficient,  depending 
on  the  soil  hauling  distance;  A. I.  Anokhin  recommends  that  it  be  cal¬ 
culated  by  the  formula 


p- 0,0061. 


where  L  Is  the  soil  hauling  distance,  meters. 

The  duration  of  cycle,  secs. 

r-A-l*a.  +  4+*5t+<, 

where  lr  is  the  cutting  path,  meters;  lper  is  the  hauling  distance, 
meters;  v^,  Vg  and  v^,  respectively,  are  the  tractor  speed  in  the  cut¬ 
ting  process,  in  soil  hauling  and  on  the  return  trip,  meters/sec;  and 
tg  Is  the  time  taken  up  by  turning  the  tractor  about,  shifting  gears, 
lowering  the  blade  and  other  auxiliary  operations,  t^  »  20  secs. 

The  bulldozer  productivity  can  be  increased  by  increasing  the 
volume  of  soil  moved  by  the  blade >  decreasing  the  time  per  cycle,  and 


also  be  Increasing  the  tine  during  which  the  bulldozer  works  In  a 
shift. 

The  bulldozer  work  consists  in  the  following  operations:  cutting 
and  loading  of  soil;  moving  soil  to  the  fill;  unloading  the  soil  at 
the  fill,  returning  the  bulldozer. 

Cutting  and  loading  the  Soil 

In  the  cut,  a  soil  shaving  Is  cut  and  a  soil  mass  Is  accumulated 
ahead  of  the  blade.  The  length  of  the  soil  loading  section  1^,  for  a 
bulldozer  is  determined  by  the  formula 

km“  M, 

■*»  « 

where  Is  the  volume  of  soil,  moved  by  the  bulldozer  blade,  meters^; 
b  is  the  width  of  blade  coverage,  meters;  h  is  the  cutting  depth,  me¬ 
ters;  Kp  Is  the  soil  loosening  coefficient  and  l^Qr.  Is  the  length  of 
the  soli  cutting  section. 

To  accelerate  the  loading  and  to  Increase  the  volume  of  soil 
ahead  of  the  blade.  It  Is  necessary  to  sprinkle  dry  sandy  or  excessive¬ 
ly  dry  soils.  For  this  purpose,  it  is  also  Important  to  use  efficient 
soil  cutting  schemes  and  to  use  bulldozers  with  flanges  welded  to  the 
blade.  The  cutting  angles  are  assumed  depending  on  the  kind  of  work 
and  the  soil  type;  when  working  in  hard  soils,  a  45-50°  cutting  angle 
is  used,  in  light  soils  the  blade  is  set  at  80-90°. 

When  working  down  a  10-15°  slope  along  the  line  of  motion,  the 
soil  is  cut  in  a  uniform  thick  layer.  When  loading  soil  on  level  sec¬ 
tions,  use  la  made  of  a  comb-like  cutting  system,  in  which  the  blade 
at  the  beginning  is  lowered  to  the  greatest  possible  depth,  and  then 
when  the  engine  becomes  overloaded,  it  is  raised  by  approximately  8o£. 
After*  the  engine  has  been  restored  to  the  normal  rpm,  the  blade  is 
again  lowered  to  the  greatest  possible  depth.  This  is  repeated  several 
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times,  the  knife  being  lowered  to  a  smaller  depth  each  time,  depend¬ 
ing  on  the  engine  overloading.  Approximate  cutting  schemes  under  dif¬ 
ferent  soil  conditions  for  the  0271  bulldozer  are  given  In  Fig.  24. 


Fig.  24.  Cutting  scheme  in  different  soils 
at  different  slopes  (the  D-271  bulldozer). 
A)  D-271;  B)  slope  of  section,  SS;  C)  soils; 
D)  light  and  medium;  E)  hard;  F;  blade 
without  flanges;  H)  blade  with  flanges;  G) 

meters^. 


When  excavating  soils  of  catergories  I  and  II,  it  Is  advantageous 
to  use  a  wedge-shaped  soil  cutting  scheme  (Fig.  25).  If  the  bulldozer 
blade  is  equipped  with  flanges,  then  the  wedge  scheme  is  not  efficient, 
since  it  ensures  a  smaller  soil  load  than  the  comb-liSce  scheme. 


Fig.  25.  Wedge  scheme  of  soil 
cutting. 


The  soil  loading  speed  Is  greatly  affected  by  the  state  of  the 
cutting  edge  of  the  knife  (knives  are  made  with  two  sharpened  edges). 
Knives  are  replaced  every  10001200  hours  of  work  in  light  soils  and 
every  400600  hours  of  work  In  hard  soils. 
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Bulldozers  are  most  productive  In  excavating  noncoheslve  soils 
(loams,  not  loose  sand,  sand  and  gravel  soils,  etc.).  The  soli  load¬ 
ing  route  In  hard  dense  or  dried  out  soils  Is  Increased  (hy  a  factor 
of  1.5),  for  which  reason  the  soil  should  be  first  loosened  under 
these  conditions.  This  Is  done  by  placing  steel  teeth  on  the  blade's 
cutter.  When  the  tractor  moves  forward,  the  teeth  are  retracted  ana  do 
not  Interfere  with  the  work.  When  the  tractor  moves  In  reverse,  the 
teeth  are  lowered  into  the  soil  and  loosen  It  (Fig.  26). 

The  volume  of  loosened  soil 
should  be  such  that  it  would  ensure 
continuous  work  of  the  bulldozer.  It 
should  be  kept  In  mind  that  loosening 
the  soil  to  a  great  depth  will  result 
in  slipping  of  the  tractor  crawlers. 

When  the  topography  of  the  site 
permits  it,  the  soil  must  be  cut  In  a 
manner  in  which  favorable  slopes  are 

Fig.  26.  Scheme  of  soil  cut-  utilized.  This  makes  it  possible  to 
ting  by  a  bulldozer  with  a 

ripper  (Miroshnichenko's  de-  increase  the  thickness  of  the  soil 
sign):  a)  General  view;  b) 

blade  with  ripper  tooth,  c)  layer  being  cut  and,  consequently,  to 
ripper  tooth  with  frame;  1) 

side  wall  of  blade;  2)  frame  increase  the  bulldozer  productivity, 
flange;  3)  ripper  tooth;  4) 

blade  knife;  5;  front  wall  The  relationship  showing  the  increase 

of  blade;  A)  reverse  motion. 

in  bulldozer  productivity  when  working 
along  a  favorable  slope,  is  characterized  by  the  following  data: 

9  *  as  to 

MO  105-107  108-110  IIS-Ill  130-135 

Moving  the  Soil 

When  a  bulldozer  moves,  alongside  with  filling  the  blade  with 
soil  being  cut  off,  a  part  of  It  Is  lost  In  the  form  of  two  rolls 
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which  form  at  the  blade  sides.  Despite  the  relatively  small  size  of 
these  rolls*  total  loss  of  soil  due  to  the  formation  of  these  rolls 
are  sufficiently  large  and  reach  30-40#.  For  this  reason*  in  moving 
the  soil  it  is  net  only  important  to  achieve  a  decrease  in  the  [re¬ 
quired]  time*  but  also  to  decrease  the  soil  loss. 

When  excavating  cuts  at  the  airfield,  it  is  practically  impossible 
to  supplement  the  soil  lost  by  additional  cutting  off  while  moving  it, 
since  this  is  not  required.  Consequently,  in  order  to  increase  the 
bulldozer  productivity,  measures  must  be  taken  for  maximum  prevention 
of  losses. 

Soil  losses  on  moving  can  be  decreased  if  the  bulldozer  moves  in 
a  trench  and  if  the  bulldozers  work  in  pairs. 


Fig.  27.  Trench  cut  through  in  the  soil  by 
a  bulldozer. 

The  substance  of  the  trench  method  consists  in  the  fact  that  the 
bulldozer  cuts  a  trench  whose  width  is  equal  to  the  blade  length,  by 
making  several  passes  over  the  same  route.  The  soil  is,  subsequently, 
moved  along  it,  and  the  side  walls  of  the  trench  prevent  soil  losses 
from  the  blade  (Fig.  27). 

If  the  earth  moving  plan  does  not  provide  for  excavation  of  that 
surface  over  which  the  soil  is  to  be  moved,  then  the  trench  is  formed 
by  windrowing  of  soil  along  the  sides  of  the  blade. 

Moving  of  soil  in  trenches  decreases  its  losses  and  makes  it  pos¬ 
sible  to  increase  the  volume  of  soil  moved  ahead  by  the  blade  by  ap- 
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proximately  a  factor  of  1.5* 

Each  new  trench  Is  cut  parallel  to  that  previously  made  at  a 
distance  of  0~4-0.8  meters.  The  soil  remaining  between  two  trenches 
is  cut  off  after  the  neighboring  trench  has  been  cut. 

This  method  of  moving  the  soil  increases  the  bulldozer  producti¬ 
vity  by  10-30#  (depending  on  the  hauling  distance). 

The  disadvantage  of  the  trench  method  is  the  lowering  of  the  re¬ 
turn  speed  of  the  bulldozer  along  the  trench.  For  this  reason,  when 
soil  is  moved  through  a  distance  of  30-50  meters,  the  bulldozer  should 
return  outside  the  trench. 

Paired  bulldozer  operation  consists  in  the  fact  that  when  the 
hauling  distance  is  more  than  50  meters,  the  soil  is  moved  by  two  bull¬ 
dozers  moving  alongside  one  another  (Fig.  28).  Here,  the  soil  l;ss  is 
decreased  by  a  factor  of  two  in  comparison  with  losses  of  singly  ope¬ 
rating  bulldozers,  since  practically  no  soil  penetrates  in  the  space 
between  the  two  blades.  The  two  blades  in  this  case  are  filled  as  one 
of  double  the  length. 


Fig.  28.  Scheme  of  paired  bulldozer  ope¬ 
ration. 


The  disadvantage  of  the  paired  method  of  bulldozer  operation  is 
the  certain  difficulty  in  perfomlng  it,  since  this  requires  synchro¬ 
nized  work  by  the  operators.  The  distance  between  blades  should  not 
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exceed  20-30  cm  in  loose  soils  and  50  cm  in  cohesive  soils. 

The  bulldozer  productivity  can  be  considerably  raised  by  mounting 
side  flanges  (wings)  on  the  blade,  which  not  only  cut  losses  but  in¬ 
crease  the  soil  volume  moved  by  the  bulldozer  by  approximately  a  fac¬ 
tor  of  1.5-1. 7»  here,  the  speed  is  decreased  only  by  10-15#. 

The  wings  are  usually  rigidly  fastened  to  the  side  walls  of  the 
blade,  here,  the  lower  edge  of  the  wings  is  fastened  above  the  cutting 
edge  of  the  knife.  The  disadvantage  of  rigidly  fastened  wings  are  pos¬ 
sible  breakage  in  bulldozing  hard  soils  and  certain  losses  of  soil 
during  moving  it. 

In  airport  construction,  the  bulldozer  is  used  in  soils  with  va- 
lying  cutting  difficulties.  In  connection  with  the  suggestion  of  work¬ 
ers  of  the  SoyuzdorNII  and  other  authors  about  making  wings  which  will 
be  fastened  parallel  to  the  tractor  motion  axis  and  of  wings  which 
would  be  hinged  to  the  bulldozer  blade,  merit  attention. 

Kings  hinged  to  the  blade  can  be  fixed  in  three  different  posi¬ 
tions  (Pig.  29) :  in  excavating  hard  soils,  the  wings  do  not  partici¬ 
pate  in  the  work  (Pig.  29a) ;  in  working  in  light  soils,  the  wings  are 
placed  parallel  to  the  direction  of  tractor  motion  (Pig.  29b)  and,  in 
addition,  the  wings  can  be  placed  at  a  45°  angle  to  the  direction  of 
motion  (Pig.  29c). 

The  Kiev  Construction  Engineering  Institute  has  elaborated  a  de¬ 
sign  of  a  scoop  shaped  bulldozer  blade.  The  scoop  shape  of  the  blade 
increases  the  volume  of  soil  being  moved  by  a  factor  of  1.7-1. 8  in 
comparison  with  the  standard  blade  and  also  improves  the  lowering  it 
into  the  soil.  The  scoop  shape  of  the  blade  forces  the  cut  soil  to 
move  toward  the  longitudinal  axis  of  the  bulldozer,  thus  eliminating 
losses  from  the  blade  edges,  which  makes  it  possible  to  use  bulldozers 
in  moving  soil  over  distances  larger  than  100  meters. 
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In  excavating  cuts,  use  Is  made  of 
bulldozer  movement  schemes  by  strips  or 
straight  ahead.  Excavating  cuts  by  strips 
is  the  more  extensively  used  scheme.  In 
each  cycle,  the  bulldozer  moves  soil  from 
the  cut  to  the  fill  and  return  to  the  cut 


In  reverse  gear. 

If  the  cuts  are  situated  to  both  sides 
of  a  fill,  then  the  bulldozer,  having  moved 
soli  Into  the  fill,  levels  out  the  soil  by 
gradually  raising  the  blade,  then  moves 

Pig.  29.  Wings  hinged 

to  the  blade:  l)  Soli  over  to  the  oppositely  located  cut  where, 

being  moved;  2)  blade; 

3)  wings.  turning  about.  It  again  takes  a  cut.  The 

time  for  turns  Is  here  spent  needlessly. 

The  return  of  the  bulldozer  in  reverse  to  the  point  of  excavation 
is  economically  advantageous.  If  the  following  unequality  is  satis¬ 


fied: 

vmm 

where  1^  is  the  length  of  soil  loading  section,  meters;  lg  is  the 

length  of  the  soli  moving  section,  meters;  v  Is  the  speed  with  which 

z 

the  bulldozer  moves  In  reverse,  meters/sec;  t^  Is  the  time  for  shif¬ 
ting  gears,  sec. ;  v„„  Is  the  bulldozer  speed  in  highest  gear.-  meters/ 
sec;  tpQv  is  the  time  spent  by  the  bulldozer  in  making  a  turn,  sec. 

Turning  the  bulldozer  around  for  returning  to  the  excavation 
point  is  expedient  only  when  soil  is  moved  through  distances  in  excess 


of  75-100  meters. 


Straight  bulldozing  is  used  when  earth  moving  is  performed  In 
small  sections,  when  cuts  and  fills  alternate. 
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The  trench  method  of  bulldozing  is  applicate  to  the  above  sche¬ 
mes*  here  depending  on  the  distance  an  intermediate  windrow  may,  or 
may  not,  be  used  in  moving  the  soil. 

In  trench  moving  of  soil  withoutaan  intermediate  windrow,  each 
strip  (whose  width  is  equal  to  the  blade  length)  is  excavated  imme¬ 
diately  to  the  design  elevations  (if  these  are  moderate),  and  when  an 
intermediate  wind  row  is  used,  the  soil  is  first  moved  into  it,  and 
then  into  the  fill  to  the  point  of  placement.  The  distance  to  the  wind¬ 
row  is  marked  off  in  20-25  merers. 

If  the  fill  is  adjacent  to  the  cut  and  if  the  soil  hauling  dis¬ 
tance  is  20-30  meters,  it  is  advantageous  to  use  a  scheme  in  which  the 
soil  is  moved  in  larger  batches,  which  was  suggested  by  the  innovating 
bulldozer  operator  I. Ye.  Doronin.  In  working  according  to  this  scheme, 
first  the  first  batch  of  soil  is  moved  to  the  foot  of  the  fill,  and  in 
the  succeeding  pass  it  is,  together  with  a  second  batch,  moved  into 
the  fill.  This  method  cuts  the  time  used  in  a  working  cycle  of  a  bull¬ 
dozer  by  10-15& 

Unloading  the  Soil 

The  soil  is  usually  unloaded  by  layers,  for  which  purpose  the 
blade  is  raised  slightly,  and  the  forward  tractor  motion  produces  a 
level  soil  of  layer  of  the  required  thickness.  The  duration  of  the  un¬ 
loading  operation  is  related  to  the  method  by  which  it  is  achieved  and 
can  be  decreased  mainly  by  combining  it  in  time  with  moving  the  soil 
or  with  the  return  bulldorer  trip.  The  bulldozer  blade  is  unloaded 
starting  with  the  nearest  edge  of  the  fill. 

14.  EXCAVATING  CUTS  BY  ELEVATING  GRADERS 

The  elevating  grader  is  used  to  best  advantage  for  excavating 
long  and  shallow  cuts  at  a  relatively  uniformly  shapeJ  site.  The  ba¬ 
sic  virtue  of  the  elevating  grader  consists  in  its  high  productivity 
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which  Is  achieved  by  continuous  operation.  The  elevating  graders  are 
most  productive  when  working  in  cohesive  soils  with  an  optimal  mois¬ 
ture  content.  The  productivity  of  elevating  graders,  when  working  In 
loose  (sand,  duty  loess,  etc.)  and  also  In  moist  and  sticky  soils  is 
low,  consequently,  their  use  under  these  conditions  Is  not  efficient. 

Elevating  graders  cannot  work  In  soils  containing  roots,  stones 
and  boulders  and  also  in  gravel  soils. 

In  airport  construction,  use  can  be  made  of  the  IV 192  and  GEM 
elevating  graders  coupled  to  the  S~80  tractor,  of  the  IV 369  self-power¬ 
ed  elevating  grader  (Pig.  30)  and  of  the  [tractor]  mounted  elevating 
grader. 


Pig.  30.  Self-powered  elevating  grader 
with  a  diesel  electric  drive. 

The  soli  is  excavated  by  layers  along  the  entire  width  of  the  cut 
by  longitudinal  passes  of  the  elevating  grader.  The  thickness  of  the 
layer  being  cut  depends  on  the  diameter  of  the  cutting  disk  ar.J  on  the 
soil  category.  Head  soils  must  first  be  loosened.  In  addition,  prior 
to  commencing  operations  at  the  given  section,  it  is  necessary  to  make 
it  passable  to  the  elevating  grader  for  which  reason  all  holes  are 
filled,  and  stumps,  brushwood  and  even  stones  and  boulders  are  removed. 
The  optimal  coverage  length  should  not  be  less  than  500  meters.  Then, 
the  tine  lost  in  turns  will  comprise  3 -6£. 

An  open  cut  must  be  prepared  for  the  first  passage  of  the  elevat- 


ing  grader.  To  ensure  proper  direction  of  motion,  during  the  first 
passages  of  the  elevating  grader,  stakes  are  fixed  or  pegs  placed 
along  the  direction  of  motion,  which  serve  as  guidelines.  The  elevat¬ 
ing  grader  is  turned  around  outside  the  limits  of  the  cut,  here,  the 
disk  and  the  lower  part  of  the  conveyer  are  lifted. 

The  cutting  disk  is  fixed,  depending  on  the  category  of  the  ex¬ 
cavated  soil.  The  recommended  cutting  angle  a  (Pig.  31a)  for  clay 
soils  is  20°,  for  argillaceous  soils  it  is  25°  and  for  sandy  loam 
soils  it  is  35° •  The  coverage  angle  0  (Pig.  3 It)  varies  from  40  to  55° 
(the  smaller  values  are  for  hard  soils  and  the  small  for  light  soils). 

The  soil  can  be  moved  to  the  cut  by  dump  trucks  and  tractor  pul¬ 
led  trailers,  here,  it  is  desirable  to  use  dump  trucks  with  a  large 
body  capacity  or  tractor  trains  consisting  of  several  high  capacity 
trailers. 

The  dump  trucks  (or  tractor  trains)  drive  up  from  the  side  be¬ 
neath  the  upper  end  of  the  conveyer  and,  moving  parallel  to  the  ele¬ 
vating  grader  at  the  same  speed  as  the  latter,  are  gradually  filled 
with  soil.  When  the  dump  truck  is  filled,  it  moves  out  ahead  and  the 
following  truck  moves  in  to  be  loaded.  When  the  transportation  facili¬ 
ties  replace  one  another,  the  elevating  grader  is  stopped  but  the  disk 
is  not  lifted  out  from  the  ground. 


Pig.  31-  Positioning  the  cutting 
disk  of  an  elevating  grader,  l) 
Direction  of  motion. 
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15-  QUARRYING  OF  CUTS  BY  EXCAVATORS 

The  use  of  excavators  for  quarrying  of  cuts  at  the  airfield  Is 
economically  advantageous  for  large  and  concentrated  volumes  of  earth 
moving  operations  with  average  elevations  of  cut  depth  not  less  than 
1.0  meters,  and  also  In  removing  the  peat  layer. 

In  airport  construction,  use  Is  made  of  general  purpose  single 
bucket  excavators  with  a  bucket  capacity  from  0.25  to  3*0  meters^,  with 
a  360°  radius  of  rotation.  The  fact  that  the  working  equipment  of  a 
general  purpose  excavator  Is  easily  changed  makes  It  possible  to  effect 
Ively  use  excavators  In  earth  moving  and  ground  clearing  work  of  dif¬ 
ferent  character. 

The  use  of  excavators  depends  on  the  conditions,  character  and 
schedule  for  performing  the  operations,  their  volume  and  on  the  soil 
type. 

A  power  shovel  [excavator]  Is  most  widely  used  In  digging  of  deep 
cuts  with  leading  of  the  soil  onto  transportation  facilities.  Excava¬ 
tors  with  this  equipment  are  used  for  making  cuts  In  land  situated 
above  the  surface  at  which  they  stand.  The  minimal  height  of  cut  which 
ensures  complete  filling  of  the  bucket  at  the  time  It  Is  lifted  depends 
on  the  bucket  capacity  and  on  the  density  of  the  dug  soil. 

When  working  with  a  height  lower  than  that  recommended  complete 
filling  of  the  bucket  requires  secondary  scooping,  and,  as  a  safety 
measure,  excavators  should  not  work  In  cuts  exceeding  the  maximal  scoop 
lng  height,  since  an  overhang  Is  created  In  this  case,  which  may  result 
In  caving  In  of  the  pit  wall. 

Working  parameters  of  excavators  equipped  wit;,  a  power  shovel  are 
give;.  In  Table  6. 

Dragline -equipped  excavators  are  less  frequently  used  In  excavat¬ 
ing  cuts  at  airports.  They  excavate  soil  below  the  level  at  which  they 
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stand.  For  this  reason  It  Is  nore  advantageous  to  use  draglines  In 
working  In  raw  pits  and  when  It  Is  necessary  to  remove  weak  soli,  dis¬ 
covered  on  the  future  unpaved  or  paved  area  of  the  airfield.  The  drag¬ 
line  work  In  hard  soils  is  complicated  and  requires  preliminary  loosen¬ 
ing.  The  pit  depth  for  a  dragline  has  limits  established  by  the  boom 
length  and  by  the  angle  at  which  the  cut  is  excavated.  The  depth  of  the 
cut  should  also  ensure  filling  of  the  bucket. 

Vorklng  parameters  of  dragline-equipped  excavators  are  given  In 
Table  9. 

It  should  be  noted  that  the  working  cycle  of  a  dragline  Is  longer 
than  the  cycle  of  a  power  shovel  of  the  same  capacity,  and  In  loading 
the  soil  It  is  necessary  to  center  the  bucket  over  the  body  of  trans¬ 
portation  facilities,  for  which  reason  the  productivity  of  a  dragline 
Is  lower  than  the  productivity  of  a  power  shovel  of  the  same  type. 

The  use  of  a  clamshell  excavator  Is  expedient  only  In  removing 
peat  deposits,  for  which  reason  It  Is  comparatively  seldom  used  In  air¬ 
port  construction. 

The  productivity  of  excavators  Is  calculated  by  the  formula 

meters^/shlft 

where  T  Is  the  duration  of  the  shift,  hours;  £  is  the  solid  soli  volume, 
meters^,  grabbed  by  the  excavator  in  a  single  pass;  Is  the  time 
utilization  coefficient  during  the  shift  (O.8O-O.S3);  and  t^  Is  the 
time  used  up  by  the  excavator  In  one  shift,  hours. 

Earth  moving  operations  performed  by  an  excavator  consist  of  mak¬ 
ing  the  cut,  moving  the  soli  to  the  filling  point  (to  the  fill),  and 
filling  the  soli  In  the  fill. 

In  organizing  the  entire  Integrated  set  of  excavator  operations 
It  Is  necessary  to  properly  plan  the  performance  of  each  element  of 

-  82  - 


the  operations  and  to# ensure  interconnection  of  all  elements  into  a 
continuous  integrated  process. 
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1)  Working  parameters  of  excavators;  2)  excavator  (power  shovel)  brand; 
3)  E-2002 ;  4)  angle  of  Inclination  of  the  boom,  degrees;  5)  greatest 
cutting  radius  at  tne  head  wall  level,  meters;  6)  smallest  cutting  rad¬ 
ius  at  the  head  will  level,  meters;  7)  greatest  cutting  radius  at  the 
level  of  excavator  position,  meters;  3)  smallest  cutting  radius  at  tne 
level  of  excavator  position,  meters;  9)  greatest  dumping  radius,  meter. 
10)  dumping  height  (for  the  greatest  dumping  radius),  meters;  11)  great 
est  dumping  height,  meters;  12)  dumping  radius  for  the  greatest  dumpln 
height,  meters;  13)  cutting  height,  meters:;  14)  smallest  which  will  rZ 
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suit  In  filling  the  bucket;  15)  sandy  soil:  16)  clay  sol- 
pulverized  by  explosives;  18)  greatest;  19)  width  of  pas 
nallest;  21)  greatest;  22)  optimal;  23)  In  loading  onto 
In  loading  onto  railroad  cars;  25)  the  sane  as  above,  for 
26)  length  of  the  working  movement  of  the  excavator,  mete, 
distance  from  the  axis  of  transportation  path  to  the  axl; 
movement  for  the  optimal  passing  width,  meters;  28)  when 
29)  when  using  narrow  gauge  railroad;  30)  radius  of  the  ‘ 
excavator  cab,  meters. 


TABLE  9 


1)  Working  parameters  of  the  excavator;  2)  brand  of  drag 
excavator;  3)  E-2002;  4)  bucket  capacity,  meters3*  5)  bo 
ters;  6)  angle  of  Inclination  of  boom,  degrees;  7)  great- 
dlus  at  the  level  of  standing,  meters:  8)  according  to  t! 
with  the  bucket  throw;  9)  optimal;  10;  smallest  cutting 
level  of  standing,  titers;  11)  optimal  cutting  radius,  m< 
level  of  the  pit  base  when  producing  a  1:1  slope  and  for 
meters;  13)  smallest  cutting  radius,  meters,  at  the  leve 
for  a  depth:. 


Excavating  cuts  with  Power  Shovels 

When  using  power  shovels,  the  soli  In  cuts  Is  excav 
wise,  through  side  cuts.  The  substance  of  this  method  cor 


bucket;  15)  sandy  soli;  16)  clay  soil;  17)  rock 
Ives;  18)  greatest;  19)  width  of  pass,  meters;  20) 
st;  22)  optimal;  23)  In  loading  onto  trucks;  24) 
road  cars;  25)  the  same  as  above,  for  narrow  gauge; 
rklng  movement  of  the  excavator,  meters;  27)  the 
Is  of  transportation  path  to  the  axis  of  excavator 
Lraal  passing  width,  meters;  28)  when  using  trucks; 
w  gauge  railroad;  30)  radius  of  the  tall  part  of 


•  VMS.  a-tfl.  345X 

3 


a,  M  ffcm 

13 


W. 

1S.M  13. 


|g| 


u. 

to. 

II 

II 

to. 

II 

13. 

to. 

7;  11 
»  II 

11.15. 

1-5.1  . 

•  «* 

11.18. 

*€,15, 

U 

I’.to 

i-T*  t 

U.l 

10.2  \ 

14.3 

,.).3 

0.7  ! 

19.9 

3  1 
! 

3 

3 

SB 

M 

13 

\ J,3 

a.9 

13.; 

\j  5T> 

3.9*» 

13. 1 

1)5 

9 

i  13.9 

7 

• 

is  I;# 

M 

«.s 

1 

7.3  j  7.3 

7.3 

7.9* 

?.5I 

9 

w  1  •.* 

9.3 

9.5 

9.j 

If 

f.5  f.3 

t.9 

M 

f.j 

II 

-I  - 

4 

— 

r-  1  — 

-*  1 

— 

;  of  the  excavator;  2)  brand  of  dragline -equipped 
;  4)  bucket  capacity,  meters’*  5)  boom  length,  inc¬ 
lination  of  boom,  degree;;  7)  greatest  cutting  ra 
standing,  meters;  8)  according  to  the  nameplate 
;  9)  optimal;  10)  smallest  cutting  radius  at  the 
ters;  11)  optimal  cutting  radius,  meter',  at  the 
when  producing  a  1;1  slope  and  for  the  oepth:;  12 
cutting  radius,  meters,  at  the  level  of  the  pit 


Power  Shovels 

•  shovels,  the  soli  In  cuts  Is  excavated  by  length 
its.  The  substance  of  this  method  consists  In  the 


fact  that  the  cut  Is  exc?  /ated  by  lengthwise  passes  with  loading  of  the 
soli  Into  transportation  facilities ,  whose  routes  are  situated  along¬ 
side  the  cut  parallel  to  the  excavator  motion  (Pig.  32). 

Roads  used  for  hauling  away  the  soil  are  situated  either  at  the 
same  level  as  the  cut  base  or,  which  Is  better,  slightly  higher.  It  Is 
not  expedient  to  place  the  roads  lower  than  the  base  of  the  pit,  since 
In  this  case  the  transportation  facility  will  be  subjected  to  large  dy¬ 
namic  loads  due.  to  Impact  of  the  dumped  soil  and.  In  addition,  the 
roads  will  Inevitably  be  blocked  by  soil. 

The  width  of  the  pit  Is  established  In  accordance  with  the  cutting 
and  unloading  radii.  It  Is  usually  taken  as  being  equal  to  the  cutting 
radius. 

The  distance  between  the  loading  roads  and  the  axis  of  excavator 
movement  should  be  as  small  as  possible,  l.e. ,  Just  enough  not  to  re¬ 
strict  the  work  of  the  excavator  by  the  necessity  of  unloading  the  soil 
at  minimal  dumping  radii. 

To  decrease  the  time  used  up  in  moving.  It  is  required  that  the 
greatest  possible  soli  volume  be  excavated  from  a  single  excavator  stand, 
which  for  a  given  depth  and  width  of  pit  Is  achieved  by  Increasing  the 
length  of  excavator  displacement.  The  soli  should  be  loaded  onto  the 
bucket  In  thick  layers  with  maximal  utilization  of  the  engine  capacity. 

In  working  the  cuts  by  through  lengthwise  passes  the  excavator, 
ha.lng  made  a  face  cut  on  the  section  assigned  to  It,  turns  around  3nd 
makes  the  next  face  cut  In  the  opposite  direction  (Fig.  33)-  When  It  Is 
necessary  to  concentrate  several  excavators  In  a  single  cut,  the  cuts 
In  the  plane  are  made  In  steps. 

Outs  at  the  airfield  are  usually  worked  b,  excavators  together 
with  ^ther  earth  digging  machines,  performing  auxiliary  operations  In 
preparing  the  working  area  for  the  excavators.  The  soil  from  the  edges 
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Pig.  32.  Scheme  of  quarrying  a  cut  by  the  E-5C5  excavator  with  loading 
of  the  soil  into  dump  trucks:;  1)  axis  of  excavator  pass;  2)  axis  of 
dumping  truck  movement;  3)  axis  of  the  preceding  excavator  pass;  4) 
average  turning  angle;  5)  excavator  stand  area;  6)  center  of  gravity 
of  the  cut;  7)  water  draining  ditch;  8)  boundary  stake;  a)  Up  to  4  me¬ 
ters;  b)  plan;  c)  remainder  0.2  meters. 


of  the  cut  to  the  standard  facing  height  is  first  cut  off  by  scrapers 

1 

or  bulldozers. 


Pig.  33*  Working  of  cuts 
by  excavators  by  through, 
lengthwise  face  cuts  (the 
operation  sequence  is  gi¬ 
ven  by  the  numbers),  a) 
Transportation  facilities; 
b)  excavator. 


At  the  area  designated  for  excavator 
work  the  topsoil  layer  is  first  removed 
by  bulldoze rs.  Final  cutting  of  soil  in 
the  cut  (after  the  excavator)  is  performed 
by  scrapers,  bulldozers  and  graders. 

In  removing  soil  left  over  by  excava¬ 
tors  using  bulldozers  mounted  on  S-80  or 
DT-54  tractors,  it  is  possible  to  achieve 


an  accuracy  of  up  to  7  cm,  and  when  bull- 
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dozers  are  mounted  on  the  "Belarus"  tractor  the  accuracy  Is  up  to  b  cm. 

§ 

The  remaining  soli  can  also  be  reroved  by  an  excavator  equipped  with  a 
planing  attachment.  The  surface  finish  cut  to  the  given  elevations  Is 
checked  by  a  surveyor's  level  or  by  sighting.  Excavating  below  the  de¬ 
sign  elevations  Is  not  permitted. 

For  working  cuts  shallower  than  1.0  meters.  It  Is  expedient  to  use 
excavators  together  with  bulldozers.  Here  the  bulldozers  pile  the  soil 

Into  cor  ..cal  piles,  from  which  the  excavator  loads  them  onto  transpor- 

I 

1  tatlon  facilities. 

1  In  working  In  small  pits  (1.0-1. 5  meters  high),  the  volume  of  the 

loaded  soli  Is  Increased  by  equipping  the' bucket  with  extended  teeth. 

H»e  limiting  pit  height  Is  given  on  the  excavator  nameplates.  But, 
If  the  cuts  made  by  the  excavator  consist  of  small  free  flowing  sand 
and  there  Is  no  danger  that  the  wall  overhang  will  fall  down,  then  the 

* 

excavator  can  quarry  these  soils  by  making  face  cuts  exceeding  the 
scooping  height  given  in  the  nameplates. 

In  the  process  of  working  cuts  by  excavators  rapid  and  complete 
drainage  of  surface  water  Into  the  temporary  water  drainage  system 
should  be  ensured.  When  working  In  flooded  pits  using  mats  and  planks 
the  productivity  of  the  excavator  Is  decreased  to  0.75-0.85  of  the 
standard  productivity. 

In  working  in  light  soli.  In  order  to  fully  use  the  engine  capa¬ 
city  the  standard  bucket  should  be  equipped  with  side  ar.d  tall  lips  of 
sheet  steel,  which  ensures  Increasing  the  excavator  product Iv It.,  by 
5G-70£.  At  the  present  time,  buckets  with  a  semicircular  bottom  and 
with  a  cutting  edge,  the  use  cr  which  Increases  the  productivity  of  the 
excavator  by  a  factor  of  1.5-2,  are  being  series  produced. 


Medium  and  light  soils  should  be  excavated  with  the  excavator 
[control]  lever  pushed  to  the  middle  position,  and  hard  soils  should  be 
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Pig*  34.  Scheme  for  excavating  a  cut  by  a  widened  head  fact  cut  using 
the  E-505  excavator  and  loading  the  soli  Into  ZIL-535  dumping  trucks: 
1)  Axis  of  excavator  passage;  2)  excavator  stands;  3)  average  turning 
angle;  4)  centers  of  gravity  of  the  right  and  left  halves  of  the  cut; 
5)  axis  of  motion  of  the  dump  trucks;  6)  boundary  stake,  a)  Up  to  4 
meters;  b)  remainder  0.2  meters;  c)  plan. 


worked  with  the  lever  overhanging  only  slightly,  which  decreases  the 
loading  time  and  provides  for  complete  filling  of  the  excavator  bucket. 

According  to  the  experience  acquired  by  excavator  operators,  com¬ 
rades  Chernlkhov  and  Lyutenko,  cohesive  sticky  soils  should  be  unloaded 
with  the  lever  fully  retracted  by  sharply  shaking  the  bucket.  Under 
these  conditions  the  unloading  rate  can  also  be  Increased  by  placing 
vibrators  on  the  bucket  walls. 


In  exceptional  cases,  when  working  on  steep  slopes  which  maKe  the 
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building  of  roads  for  transportation  facilities  Impossible,  It  Is  per¬ 
mitted  to  use  front  face  cutting  of  cuts.  In  which  the  excavator  moves 
In  the  pit  opened  up  to  Its  full  width,  and  the  transportation  facili¬ 
ties  upon  reaching  the  pit  are  turned  around  and  supplied  to  the  ex¬ 
cavator  In  reverse  (Pig.  3^)» 

If  the  pit  height  exceeds  that  necessary  for  filling  the  bucket, 
and  the  soil  does  not  slip  down,  then  It  Is  expedient  to  make  the  cut 
by  parts,  first  working  the  upper  part  of  the  pit  to  a  depth  of  two- 
three  layers,  and  then  the  lower,  alternating  these  operations. 

If  the  soli  slips  down  from  the  upper  part  of  the  pit,  then  It 
should  be  scooped  up  at  the  base  of  the  pit  (picking  up  the  soli  which 
slipped  down). 

Under  normal  conditions,  a  pit  is  excavated  consecutively  moving 
In  the  direction  away  from  the  point  of  loading  onto  the  transportation 
facilities.  In  hard  soli  it  Is  expedient  to  quarry  the  pit  In  an  alter¬ 
nating  order.  Rock  soils  must  be  first  loosened  by  explosions. 

The  width  to  which  the  rocks  should  be  piled  up  should  be  estab¬ 
lished  by  the  plan  of  blasting  operations.  It  Is  recommended  that  rocky 
soil  be  quarried  by  excavators  with  a  bucket  capacity  of  1  meter^  and 
more. 

The  excavator  productivity  drops  sharply  in  quarries  containing 
large  boulders.  If  the  boulder  Is  situated  at  the  base  of  the  pit,  then 
the  excavator  bucket  Is  used  to  remove  the  soil  from  It,  and  then  It  is 
dug  out  and  moved  out  of  the  working  area.  When  a  boulder  Is  situated 
at  the  middle  part  of  the  pit.  It  Is  removed  by  a  bucket  with  an  open 
better,  and  moved  out  of  the  working  area. 

Cut  Operations  Using  Dragline -Equipped  Excavators 

A  dragline -equipped  excavator  produces  cuts  by  lengthwise,  paral¬ 
lel  passes,  making  face  cuts. 
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The  excavator  and  the  transportation  facility  rn^'e  parallel  to  the 
cut  axis  (Fig.  35)*  The  transportation  facility  is  placed  so  that  the 
average  turning  angle  for  the  excavator  boom  In  loading  the  bucket 
should  be  not  more  than  65°. 


Fig*  35.  Scheme  of  cut  operations  using  the  E-505  excavator  equipped 
with  a  dragline,  loading  Into  ZIL-585  dump  trucks:  1)  Axis  of  excavator 
pass;  2)  excavator  stands;  3)  average  turning  angle;  h)  center  of  grav¬ 
ity  of  face  cut;  5)  axis  of  the  preceding  excavator  Dass;  6)  axis  of 
motion  of  the  dump  truck;  7)  water  drainage  ditch;  8)  boundary  stake, 
a)  Remainder  0.2  meters;  b)  plan. 

To  accelerate  the  unloading  and  to  protect  the  dump  truck  from  the 
dynamic  Impact  of  the  soli  dumped  Into  It,  draglines  with  a  bucket  cap- 

•j 

aclty  of  2.0  meters'1  should  be  unloaded  through  a  trough,  which  Is 
moyad  together  with  the  dragline.  The  trough  Is  made  directly  on  the 
construction  site. 


90 


Fig.  3 6.  The  shuttle  method  of 
soil  loading:  1)  Excavator 
(dragline);  2)  dump  trucks. 


In  transverse  operation  the  excavator  lead  Is  usually  taken  as  1/3 
of  the  boom  length. 

At  sections  at  which  peat  removal  Is  required  the  excavator  Is 
first  placed  outside  the  limits  of  the  section  on  mineral  soli,  where¬ 
upon  the  first  trend  is  opened,  the  peat  being  loaded  onto  transporta¬ 
tion  facilities.  Immediately  after  removing  the  peat,  the  trench  Is 
filled  with  mineral  soli.  After  the  first  trench  Is  dug,  a  second  one 
is  opened;  here  the  excavator  Is  placed  on  the  strip  created  by  filling 
the  first  trench  with  mineral  soil.  The  third  and  each  successive 
trench  are  excavated  In  the  same  sequence.  The  width  of  trenches  Is 
established  depending  on  the  swinging  radius  of  the  excavator  boom. 

Under  favorable  soli  conditions  the  dragline-equipped  excavator 
operates  according  to  the  shuttle  system.  In  which  It  Is  stationed  on 
top,  at  the  middle  of  the  cut,  and  the  soli  Is  excavated  along  the 
width  of  the  cutting  radius  from  one  as  well  as  two  sides  of  the  lon¬ 
gitudinal  axis.  Dump  trucks  are  placed  at  the  bottom  of  the  pit  succes¬ 
sively  along  its  entire  length  (Fig.  36).  After  the  soli  has  been  ex¬ 
cavated  from  one  stand  the  excavator  Is  moved  to  the  next  position. 

At  the  new  stand  the  excavator  first  works  In  accordance  with  the 
above  transverse-shuttle  scheme,  and  then,  when  a  free  space  Is  formed 
between  the  back  wall  of  the  cab  and  the  bottom  of  the  facing  slope.  It 
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Is  possible  to  lower  the  bucket  ahead  of  it  and  to  work  according  to 
the  longitudinal-shuttle  scheme  without  turning  the  excavator  boom.  In 
this  case,  the  dump  trucks  are  placed  In  a  row  for  receiving  the  soil. 
The  longitudinal-shuttle  loading  scheme  eliminates  turning  the  boom  In 
loading  of  one  dump  truck. 

Hauling  the  Soil 

The  most  widely  used  facilities  for  hauling  the  soil  In  airport 
construction  Into  a  fill  when  working  with  excavators  are  tractor 
trailers,  soil  hauling  carts  with  a  single  axle  pull  car,  dump  trucks 
and  conveyers.  Narrow  gauge  railroad  facilities  can  also  be  used. 

The  transportation  facilities  should  be  driven  In  for  loading  on 

a  strict  schedule,  so  as  to  ensure  continuous  work  of  the  excavator. 

An  efficient  capacity  of  the  body  of  a  transportation  unit  should  be  by 

a  factor  of  three  or  four  greater  than  the  capacity  of  an  excavator 

bucket  with  a  capacity  of  more  than  0.5  meters^,  and  by  a  factor  of 

•» 

five  or  six  greater  for  bucket  capacities  less  than  0.5  meters  . 

In  choosing  transportation  facilities,  the  distance  of  soil  haul¬ 
ing,  amount  of  cut  and  fill,  the  topography  of  the  locality,  character 
of  soil  at  the  airfield  Involved  In  the  operations,  the  time  of  the 
year  and  the  meteorological  conditions  are  considered. 

Tractor  trailers  are  most  efficient  when  used  at  hauling  distances 
of  200-500  meters. 

Technical  characteristics  of  tractor  trailers  which  are  used  are 
given  In  Table  10. 

The  D-179A  tractor  trailer  Is  towed  by  the  S-80  tractor,  and  the 
trailer  is  unloaded  In  motion  (bottom  unloading).  The  soil  dumped  from 
the  trailer  Is  a  trapezoidal  pile  0.5  meters  high,  with  a  top  width  of 
0.7-0. 8  meters  and  a  bottom  width  of  1.1-1. 3  meters. 

The  E-505  excavator  loads  a  trailer  In  6-7  minutes.  The  dumping  of 
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1)  Designation  of  Indicators:  2)  Indicators  for  trailer  brands;  3)  D; 

4)  body  capacity,  meters’;  5)  geometric;  6)  heaped;  7)  loading  height 
along  the  side  of  the  body,  meters;  8)  without  side  panels;  9)  outside 
dimensions  of  body,  meters;  10)  length;  11)  width;  12)  road  clearance, 
meters;  13)  wheel  base,  meters;  14)  width  of  wheel  tracks:;  15)  dimen¬ 
sion,  Inches;  16)  number,  pieces;  17)  weight,  kg;  18)  required  tractor; 
19)  S;  20)  S~80  or  DT-140. 

loose  or  weakly  cohesive  soil  from  the  trailer  takes  23-27  seconds,  the 
path  length  being  about  20  meters.  Under  good  soli  conditions,  the 
S-100  tractor  can  two  two  trailers. 

The  D-258  tractor-drawn  trailer  can  be  unloaded  from  both  sides, 
which  Is  of  advantage  If  It  Is  necessary  to  unload  the  hauled  soli  to 
the  side  cf  the  delivery  road.  The  D-258  trailer  Is  drawn  by  the  S-100 
or  S-80  tractors,  equipped  with  a  hydraulic  drive  for  operating  the 
body  tilting  hydraulic  cylinders. 

The  D-401  tractor  Is  designed  for  work  with  the  S-100  tractor. 

'"nis  trailer  Is  unloaded  by  tilting  the  body  backward. 

The  velocity  of  loaded  trailers  over  good  earth  hauling  roads  does 
not  exceed  5-6  kllometers/hour,  for  which  reason  their  productivity 
drops  sharply  with  Increasing  hauling  distances. 

Soil  hauling  carts  with  single  axle  pull  cars  are  efficient  when 
the  soli  hauling  distance  Is  0.5-2. 0  kilometers.  The  D-504  earth  haul¬ 
ing  cart  has  a  body  with  the  capacity  of  10  meters^.  The  fact  that  It 
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Is  provided  with  hlgh-passablllty  tires  ensures  a  velocity  up  to  35-40 
kllometers/hour  for  the  pull  car  and  the  cart.  The  aforementioned  carts 
can  move  over  soli  or  dirt  roads,  which  were  only  slightly  treated  and 
graded. 

Dump  trucks  are  used  when  the  hauling  distance  Is  1. 5-2.0  kilome¬ 
ters  and  more.  The  basic  merits  of  dump  trucks  are  high  speed  and  man¬ 
euverability,  a  small  turning  radius  and  the  ability  to  drive  up  com¬ 
paratively  steep  grades.  Excavators  with  bucket  capacity  from  0.25  to 
0.8  meters^  are  most  expediently  used  with  dump  trucks  with  a  weight 
capacity  up  to  5-7  tons  (KAZ-205),  excavators  with  1.0-1. 5  meters^  cap¬ 
acity  are  best  used  with  7-10  dump  trucks  (YaAZ-210)  and  excavators 
with  a  bucket  capacity  from  2  to  3  meters-'  are  most  expediently  used 
with  10-25  ton  capacity  dump  trucks  (YaAZ-210,  MAZ-525). 

Technical  characteristics  of  dump  trucks  are  given  In  Table  11. 

The  decisive  condition  which  ensures  normal  work  of  automotive 
transportation  facilities  Is  the  availability  of  good  roads.  Roads  laid 
out  on  sand  or  gravel  soil  are  suitable  only  In  the  dry  time  of  the 
year.  The  road  surface  part  used  for  driving  must  be  reinforced  In  the 
rainy  period. 

Approach  roads  should  be  maintained  In  serviceable  condition  by 
systematic  grading  and  water  drainage. 

Link  conveyers  (if  their  use  is  feasible)  are  the  most  efficient 
facility  for  displacing  soil  Into  the  fill.  The  technical  characteris¬ 
tics  of  conveyers  Is  given  In  Table  12. 

When  the  soil  Is  moved  through  great  distances,  a  main  line  is 
made  up  from  a  number  of  link  conveyers,  which,  depending  on  local  con¬ 
ditions,  can  be  of  different  length.  The  soli  can  be  dumped  at  the  end 
of  the  conveyer,  or  at  any  point  along  Its  length  (Fig.  37)«  In  the 
fill  [proper]  the  soli  Is  moved  by  a  dumping  self-propelled  conveyor. 
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1)  Dump  truck  brand;  2)  freight  capacity;  3)  weight  of  dump  truck  with¬ 
out  load,  kg; '4)  engine  rating.  HP;  5)  overall  dimensions,  nan;  6) 
length;  7)  width;  8]  height;  9)  platform  volume,  meters^;  10)  platform 
dimensions,  mm;  11)  turning  radius  along  the  path  of  the  external  front 
wheel,  mm;  12)  path  of  rear  wheels,  mm;  13)  type  of  unloading:  14)  KAZ: 
15)  sidewise,  from  both  sides;  16)  ZIL;  17)  from  the  rear;  IS)  MAZ;  19) 
YaAZ. 


Harrow  gauge  railroad  transportation  Is  used  advantageously  for 
large  and  concentrated  work  volume  under  difficult  conditions. 

When  soil  Is  hauled  Into  the  fill  by  dump  trucks,  tractor  drawn 
trailers  and  soli  carrying  carts,  their  movement  Is  scheduled  according 
to  a  loop  scheme  (Fig.  38),  here  the  direction  of  motion  should  be  op¬ 
posite  to  that  of  the  excavator  movement,  so  as  to  eliminate  the  neces¬ 
sity  of  carrying  the  bucket  over  the  cab. 
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1)  Designation  of  indicators;  2)  Indicators  for  conveyer  brands;  3) 
(slat);  4)  flat  belt;  5)  conveyer  length,  meters;  6)  belt  width,  mm;  7) 
belt  velocity,  meters/sec;  8)  maximal  dumping  helgbjj,  mm;  9)  electric 
motor,  kw;  10)  weight,  kg;  11)  productivity,  meters‘-/hour. 
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Pig.  37*  Dumping  devices  for  belt  conveyors, 
a)  Drum  dumping  device;  b)  plow-type  two- 
side  dumping  device. 


Pig.  38*  Loop  system  for  movement 
of  transportation  facilities  In 
serving  an  excavator,  a)  1st  cut; 
b)  2nd  cut;  3)  3rd  cut;  4)~?th 
cut;“5)  f»th  cut. 

The  number  of  transportation  facilities  needed  for  hauling  the  ex¬ 
cavated  soli  Is  calculated  In  the  following  sequence: 

a)  the  duration  of  a  complete  cycle  of  one  transportation  unit  is 
determined 
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r-4+4+4+M-** 

where  Is  the  time  required  for  moving  the  transportation  unit  Into 
loading  position,  minutes  (0.5-l*5  min);  tg  Is  the  loading  time,  min., 
equal,  when  the  soli  is  loaded  by  an  excavator,  to: 


where  Q  Is  the  body  capacity,  reduced  to  the  case  of  solid  soil,  me¬ 
ters^;  n  Is  the  loading  productivity  of  the  excavator,  meters^/mln;  c 
Is  a  coefficient,  taking  Into  account  time  lost  In  accidental  delays 
(assumed  to  be  not  more  than  1.1);  t^  the  time  of  loaded  trip  taking 
Into  account  delays  enroute,  min; 

where  1^,  lg»  are  lengths  of  Individual  sections  of  the  route  with 
different  specific  resistance  to  motion,  meters;  Vg,  v^  are  the 
speeds  at  the  different  sections,  meters/mln;  Kr  Is  a  coefficient,  ac¬ 
counting  for  increasing  the  trip  time  due  to  slowing  down  in  accelera - 
tlon  and  braking  (assumed  to  be  from  1.0  to  1.2);  t^  is  the  unloading 
time  and  the  time  of  delays  in  unloading  (from  1  to  3  min);  t^  is  the 
time  of  the  return  [unloaded]  trip; 


+  • 


where  v£,  v£,  v^  are  the  speeds  on  the  return  trip  over  individual  sec 
tions,  meters/min; 

b)  the  productivity  cf  : ne  transportation  unit,  meters^/hour,  is 
determined 


n  ■  ^ 

*•»  j  • 

where  Q  is  the  body  volume  (volume  of  the  automotive  train  bodies),  me 
ters^;  Kn  is  a  coefficient  of  nonuniform  supply  of  transportation  unit 
for  loading;  T  is  the  duration  of  the  hauling  cycle,  hours; 
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c)  the  required  number  of  transportation  units  needed  to  serve  the 
excavator  Is  determined 


where  Is  the  operational  productivity  of  the  excavator,  meters^/ 

/hour. 

Organizing  Excavating  Work 

Excavating  work  Is  performed  In  accordance  with  the  plan  of  earth 
moving  operations.  Their  successful  Implementation  requires  that  the 
section  be  first  prepared. 

The  preparatory  work  consists  in  constructing  roads,  lightening 
of  the  pits  and  locations  where  the  soil  is  filled,  and  also  telephone 
or  radio  communications  of  the  dispatch  point  with  the  cut  and  fill  lo¬ 
cations. 

Excavator  operations  should  be  preceded  by  staking  out  operations, 
denoting  the  boundaries  of  cuts  and  fills.  It  is  recommended  that  week¬ 
ly  and  dally  work  schedules  be  compiled  for  sections  of  excavator  opera¬ 
tions. 

Digging  of  soil  by  single  bucket  excavators  consists  of  individual 
repeating  cycles,  including  loading  the  soil,  turning  the  bucket  (lift¬ 
ing  It  also,  if  necessary)  to  the  unloading  point,  unloading  the  bucket, 
reverse  turn  and  lowering  the  bucket  for  loading  the  soil.  The  produc¬ 
tivity  of  an  excavator  is  found  as  a  direct  function  of  the  duration  of 
each  of  these  operations. 

The  basic  means  for  decreasing  the  working  cycle  of  an  excavator 
are  decreasing  the  average  turning  angle  for  the  excavator  bucket  in 
unloading  and  performing  Individual  operations  of  the  cycle  at  the  same 
time. 

The  turning  of  the  bucket  takes  up  50-60#  of  the  total  duration  of 
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the  cycle. 

Platforms  frcn  Individual  mats,  which  are  moved  from  place  to 
place  by  che  excavator  should  be  provided  when  working  In  weak  and 
moist  soli. 

As  far  as  possible.  It  is  expedient  to  move  the  excavator  from  pit 
to  pit  during  day  time. 

Rocky  soil  which  cannot  be  dug  should  be  broken  up  by  explosives. 
The  width  to  which  the  soil  should  be  broken  up  depends  on  the  height 
of  the  slope,  the  length  of  the  line  of  least  resistance  and  the  speci¬ 
fic  consumption  of  explosives,  and  should  be  determined  by  the  plan  of 
blasting  operations.  The  rock  pile  thus  formed  is  removed  by  the  excav¬ 
ator  in  two  passes. 

Individual  sections  of  remaining  rocky  soil  are  broken  up  by  small 
blasts  or  by  Jack  hammers. 

16.  PILLING  AND  COMPACTING  OF  SOIL 

Requirements  put  to  soil  and  the  Procedure  for  Filling  it 

Independent  of  the  method  of  operations  and  of  the  selected  mech¬ 
anization  facilities,  fills  should  be  produced  in  conformance  with  cer¬ 
tain  rules,  ensuring  high  quality. 

The  surface  at  which  small  fills  are  made  should  be  cleared  of 
stones,  trees,  stumps,  brush  wood,  moss  covering  and  sod.  If  this  is 
provided  for  in  the  plan,  before  the  fill  is  made  the  topsoil  layer 
snould  be  removed  and  piled  onto  windrows;  here  the  storage  locality 
should  not  interfere  with  moving  the  soil. 

If  the  site  has  a  transverse  grade  of  more  than  0.03,  then.  In  or¬ 
der  to  provide  for  better  binding  between  the  base  and  the  fill,  the 
ba^e  surface. is  first  loosened  by  a  plow  or  cultivator  In  a  direction 
perpendicular  to  the  descent  of  the  slope.  For  a  slope  of  more  V.  an 
0.2,  steps,  net  less  than  1.0  meter  wide  are  made  In  the-  fill  base. 
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Fills  should  be  made  only  of  soil  which  will  rake  them  stable. 
Preference  should  be  given  tc  gravel,  sand  and  loam  soils,  which  are  a 
good  base  for  pavements  and  are  to  the  smallest  extent  subjected  to  de¬ 
formations  of  all  kinds.  Muddy  soils,  which  lose  their  carrying  capa¬ 
city  In  the  moist  state;  wet  clay,  which  Is  slow  In  drying;  soil  with  a 
gypsum  content  of  more  than  5 saline  soils,  which  are  very  hygrosco¬ 
pic  and  moisture  absorbing;  frozen.  Ice -saturated  clays,  which  deform 
extremely  on  thawing  cannot  be  used  for  fills. 

Soil  In  the  majority  of  cases  Is  not  homogeneous  and,  consequent¬ 
ly,  has  different  properties.  For  this  reason,  each  layer  of  the  fill 
should  be  made  of  homogeneous  soil.  Soil  with  poor  draining  properties 
should  be  filled  at  the  bottom  part,  and  those  with  better  draining 
properties  should  be  filled  in  the  upper  part  of  the  fill. 

The  soil  Is  placed  In  the  fill  along  Its  entire  width  In  layers  of 
uniform  thickness.  The  surface  of  layers  of  soli  with  better  draining 
properties  Is  made  horizontal,  while  the  layers  with  poorer  draining 
property  soil  are  laid  out  at  a  slope  from  the  center  of  the  fill  so  as 
to  drain  the  water.  Soli  placed  into  a  fill  should  be  graded  and  com¬ 
pacted  before  the  shift  is  over  (in  order  to  prevent  the  soli  from  dry¬ 
ing  Into  loops  or  from  absorbing  moisture  and  being  washed  out  by  pre¬ 
cipitation). 

Fills  are  raised  depending  on  the  soil  hauling  method  and  on  the 
method  of  its  subsequent  compacting.  The  surface  of  the  filled  layers 
should  be  made  level  and  maintained  in  such  a  state  which  will  make  it 
Impossible  for  water  to  accumulate  or  stagnate  on  it. 

Scrapers  or  tractor-drawn  trailers  place  the  soil  into  a  fill  in 
parallel  rows  of  specified  thickness.  The  subsequent  layer  by  layer 
compacting  does  not  require  great  expenditures.  Thus,  on  the  average, 
one  bulldozer  or  grader  Is  required  per  each  200-300  meters^  of  filled 
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soil.  Soli  transported  by  dump  trucks  Is  unloaded  in  piles,  for  which 
reason  leveling  It  Is  a  more  labor  consuming  operation  (one  bulldozer 
per  each  80-100  meters^  of  filled  soil). 

Wien  moved  by  conveyers,  the  soil  Is  filled  layer  by  layer  In  rows 
according  to  the  fan  scheme  and  Is  also  leveled  out  by  bulldozers. 

When  filling  soil  from  railroad  cars  use  Is  made  of  either  sidings 
with  shunt  tracks  or  of  loop  sidings,  depending  on  the  dimensions  and 
configuration  of  the  fill.  In  order  to  avoid  moving  the  unloading  track 
over  the  entire  width  of  the  fill,  the  unloaded  soil  Is  moved  out  by 
bulldozers.  In  this  case,  the  unloading  track  Is  simply  raised  after  one 
or  two  layers  have  been  filled. 

In  filling  of  deep  gullies  temporary  overhead  roads  for  the  trans¬ 
portation  facilities  are  sometimes  constructed.  The  soli  should  be 
filled  from  the  overhead  roads  always  In  layers,  with  [subsequent]  lev¬ 
eling  and  compacting. 

If  the  earth  moving  work  Is  performed  in  accordance  with  a  2  year 
schedule,  then  they  can  be  renewed  In  the  caring  only  after  complete 
thawing  and  drying  of  the  filled  soil  to  the  optimal  moisture  content. 

1 

Nonconfonnance  to  the  above  rules  for  making  fills  will  result  In 
nonuniform  settling  which  will  result  In  deformation  of  expensive  air¬ 
port  pavements. 

Methods  and  Equipment  used  for  Compacting  the  soil 

The  main  goal  of  compacting  the  fills  consists  In  producing  such 
a  soil  state  In  the  process  of  constructing  the  fill,  which  would  elim¬ 
inate  subsequent  settling. 

Compacting  Increases  the  modulus  of  deformation  of  the  soil  and 
resistance  to  shear,  the  soli  becomes  more  water  resistant,  the  number 
of  points  of  contact  between  soil  particles  Increases  and  the  porosity 
decreases. 
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The  optical  density,  determined  by  the  cor.  .  action  site  labora¬ 
tory  by  the  standard  compacting  method  on  the  SoyuzdorNIl  Instrument 
(Instrument  for  standard  compacting)  serves  as  the  Indicator  for  deter¬ 
mining  the  required  density  of  soli  depending  on  the  Importance  of  the 
structure. 

The  required  soli  density  is  determined  depending  on  the  optimal 

density  and  the  optimal  compacting  coefficient  using  the  formula  6R  — 

m  K6 _ where  fi  Is  the  required  density  of  soil  In  the  fill,  grams/ 

opt  n 

/cm^$  ls  the  optimal  soil  density,  determined  by  the  standard  com¬ 

pacting  method  in  the  SotyzdorNII  Instrument  and  K  Is  the  optimal  com¬ 
pacting  coefficient. 


TABLE  13 
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l)  Soil;  2)  cement  concrete  and  asphaltic  concrete  pavements;  3)  maca¬ 
dam,  bitumen  coated  and  soil-cement;  4)  unpaved  part  of  the  airfield; 
5)  safety  strips;  6)  upp«r  soli  layers  In  the  frost  zone;  7)  soli  lay¬ 
ers  below  the  frost  zone;  8)  required  optimal  compacting  coefficient; 
9)  sand,  sand-and-gravel,  sand  dust,  rand  loam,  fine  sand  lpam:  10) 
dusty,  argillaceous  dust,  argillaceous,  heavy  argillaceous; 'll)  clay. 


Values  of  optimal  compacting  coefficients  are  given  In  Table  13> 
In  the  last  few  years  the  radioactive  Isotopes  methods  in  being 
adapted  f<r determining  the  physical  characteristics  of  soil.  The  den¬ 
sity  of  soil  Is  measured  by  the  phenomenon  of  dispersion  of  ganma-rays 
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!  In  passing  through  the  soil. 

|  One  of  the  major  factors  effecting  the  ccmpactltg  of  soli  Is  Its 

j  moisture  content.  A  moisture  content  value  at  which  maximal  density  Is 
1  achieved  In  expending  the  sace  amount  of  mechanical  work  for  compacting 
the  soil  exists  for  each  kind  of  soil. 

Approximate  values  of  optimal  moisture  content  for  different  types 
of  soil  are  the  following: 


Most  frequently 

Limits  of 

encountered  val¬ 

extreme  de¬ 

ues,  % 

viations,  % 

Sandy 

8-12 

7  and  13 

Sandy  loam 

9-15 

8  and  16 

Dusty 

16-22 

12  and  24 

Argillaceous 

12-15 

10  and  18 

Heavy  argillaceous 

16-20 

13  and  25 

Dusty  argillaceous 

18-21 

15  and  26 

Clay 

19-23 

17  and  27 

The  optimal  moisture,  density  and  other  soli  Indicators  should  be 
determined  In  the  process  of  prospecting  work,  which  will  make  It  pos¬ 
sible  to  classify  the  soils  by  their  compactablllty  and  to  choose  the 
most  expedient  methods  for  compacting  them. 

Soils  of  the  airfield  are  compacted  by  tamping  machines,  vibrator 
units  or  rollers.  The  compacting  method  Is  chosen  taking  Into  considera¬ 
tion  the  soli  kind  and  moisture,  the  work  volume  and  the  method  of  mak¬ 
ing  the  fill. 

Compacting  the  Soli  by  Rolling 

When  a  sufficient  area  Is  subjected  to  compacting  In  a  fill,  use 
is  made  of  tractor  drawn  smooth  roll  and  sheepsfoot  rollers.  Smooth 
tractor  drawn  rollers  are  expedient  when  used  for  compacting  ncncche- 
sive  and  low-cohesion  soils.  The  thickness  of  a  layer  compacted  by 
smooth  roll  rollers  dees  not  exceed  15-20  cm,  for  this  reacon,  they  are 


used  primarily  In  finish  rolling,  when  It  Is  necessary  to  obtain  a  lev¬ 
el  surface,  on  finish-rolling  after  or  In  working  with  sheepsfoot  rol¬ 
lers. 

The  disadvantage  of  smooth  tractor  drawn  rollers  Is  nonuniform 
compacting  of  the  filled  soil  layer  and  the  possibility  of  formation  of 
waves  ahead  of  the  rolls. 

Sheepsfoot  rollers  are  efficient  In  compacting  cohesive  soils,  es¬ 
pecially  consisting  of  lumps.  The  projections  ensure  compacting  at  a 
slightly  higher  depth  than  the  smooth  roll.  In  compacting  by  light  and 
medium  sheepsfoot  rollers  the  upper  soil  layer  remains  uncompacted  by 
approximately  4-6  cm.  For  this  reason  It  should  be  additionally  compact¬ 
ed  by  smooth  rollers. 

Almost  no  wave  formation  Is  observed  ahead  of  the  sheepsfoot  rol¬ 
ler  roll.  It  should  be  noted  that  it  Is  Inefficient  to  compact  nonco- 
heslve  and  highly  moist  cohesive  soils  by  sheepsfoot  rollers. 

The  serially  produced  tractor  drawn  sheepsfoot  rollers  of  the 
D-130B  brand  work  with  the  DT-54  tractor,  and  2-3  rollers,  depending  on 
the  soli  properties  and  moisture  are  drawn  by  a  S-80  cr  S-100  tractor. 

Technical  Indicators  of  smooth  and  sheepsfoot  tractor  drawn  rol¬ 
lers  are  given  In  Table  14. 

Cohesive  soils  can  be  compacted  by  self-propelled  roll  rollers 
weighing  8-10  and  more  tons.  They  are  also  used  very  successfully  for 
compacting  the  bottoms  of  airport  subpavement  beds. 

The  D-302  and  D-390  weight -dropping  tractor  drawn  rollers  are  ef¬ 
fective  In  compacting  freshly  filled  cohesive  soli.  These  rollers  com¬ 
pact  a  soil  layer  up  to  1.0-1. 5  meters  thick. 

Weight -dropping  rollers  can  be  used  for  compacting  not  only  filled 
but  also  naturally  present  soli  with  a  broken  structure.  The  advantage 
of  the  D-390  over  the  D-302A  roller  consists  In  the  fact  that  In  com- 
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TABLE  14 


i  ^Numbers  without  parentheses  are  for  8  pro- 

!  Jection-carrying  bands,  number  In  parentheses 

.  are  for  16  project Ion -carrying  bands. 

j  1)  Designation  of  indicators;  2)  Indicators  for  roller  brands;  3) 

1  smooth,  D-126A;  4)  sheepsfoot;  5)  D-130A;  6)  D;  7)  D-13QB;  8)  weight  of 
roller  without  additional  load  in  the  operating  state,  tons;  weight  of 
!  roller  loaded  by  ballast,  tons;  10)  width  of  rolled  strip,  meters;  11) 
specific  pressure  on  the  soil,  kg/cm  of  length::  12)  without  ballast; 

13)  with  ballast;  14)  projection  height,  mm;  15)  bearing  surface  of 
projection,  cnr;  16)  required  tractor:;  17)  for  working  with  one  roller; 
18)  DT;  19)  the  same  as  above,  with  two  rollers;  20)  S;  21)  required 
number  of  passes  over  the  same  trace  on  different  soils;  22)  road  speed, 
kllometers/hour;  23)  productivity  per  shift,  meters2. 


pactlng  soli  It  moves  In  accordance  with  the  shuttle  scheme  without 
losing  time  for  turns. 

Tractor  drawn  rollers  on  pneumatic  tires  are  used  for  compacting 
of  cohesive  as  well  as  noncoheslve  soli.  These  rollers  come  Into  ever- 
lncreaslng  use  due  to  the  fact  that  they  compact  soli  to  a  great  depth 

'  for  a  small  number  of  passes. 

i  1 

Technical  Indicators  of  tractor  drawn  rollers  on  pneumatic  tires 
are  given  In  Table  15. 

It  should  be  pointed  out  that  the  D-219  and  D-263  tractor  drawn 

i 
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TABLE  15 
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l)  Designation  of  indicators;  2)  indicators  for  roller  brands;  3)  D; 

4/  type®*1  roller;  5)  single  axle  with  rigid  suspension;  6)  single-axle 
with  independent  suspension;  7)  weight  of  roller,  kg:;  8)  without  bal¬ 
last;  9)  with  ballast;  10)  width  of  strip  rolled  In  a  single  pass,  me¬ 
ters;  11)  thickness  of  compacted  layer,  cm;  12)  specific  pressure  on 
the  soil  when  fully  loaded  with  ballast,  kg/cm*-;  13)  about;  14)  number 
of  wheeis;  15)  bodv  capacity,  meters3;  16)  pulling  facilities:;  17)  for 
(praetor ) ;  18)  ET;  19)  S:  20)  for  transportation  without  balance 
(truck);  21)  GAZ;  22)  ZIL;  23)  MAZ;  24)  number  of  passes  over  the  same 
trace;  25)  productivity  per  shift,  meters3. 


rollers  are  produced  with  a  rigid  wheel  suspension,  which  brings  about 
overloading  of  individual  wheels  and  does  not  ensure  uniform  compacting 
of  the  fill.  The  D-326  roller  has  an  independent  wheel  suspension, 
which  eliminates  the  above  shortcomings.  A  self-propelled  roller  on 
pneumatic  tires  (Fig.  39),  which  can  be  efficiently  used  for  compacting 
of  fills  has  now  been  assimilated. 

Depending  on  the  soil  type,  a  corresponding  compressed  air  pres¬ 
sure  should  be  maintained  in  the  tires  of  the  roller  wheels.  For  sandy 
soils,  this  pressure  comprises  approximately  2  kg/cm2,  and  for  sandy 
loam  and  argillaceous  soils  it  is,  correspondingly,  3-4  and  4-5  kg/cm2. 

The  operational  productivity  of  rollers  is  determined  by  the  form¬ 
ula 


IJ  =  —Ki  meters2/hour 
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where  v  Is  the  roller  speed,  meters/hour;  B  Is  the  width  of  the  roller 
coverage,  meters;  C  Is  the  overlap  width  (0.15-0.20  meters);  Ky  Is  the 
coefficient  of  roller  time  utilization. 

The  soil  is  compacted  by  longitudi¬ 
nal  roller  passes;  the  number  of  passes 
Is  determined  depending  on  the  type  of 
soil  and  engineering  requirements  put  to 
the  fill.  Depending  on  the  area  of  oper¬ 
ations  and  the  type  of  tractor,  units  are 
made  up  of  1,  3,  5  and  even  7  rollers. 

It  Is  expedient  to  make  up  trains  of 
smooth  and  sheepsfoot  rollers,  since 
this  combination  Increases  the  degree  of  soli  compaction,  due  to  the 
fact  that  the  smooth  rollers  finish  foil  (by  compacting)  the  surface, 
loosened  by  the  sheepsfoot  roller. 

The  stresses  at  the  soli  surface  due  to  the  passing  of  the  roller 
roll  should  not  exceed  the  ultimate  strength  of  the  soli,  if  this  Is 
not  the  case,  the  compacting  serves  no  purpose  due  to  Intensive  forma¬ 
tion  of  waves. 

Loose  soli  is  first  compacted  by  light,  arid  then  by  medium  and 
heavy  rollers.  In  the  first  pass  the  roller  should  move  in  the  first 
gear  2-2.5  kilometers/hour) ,  all  the  successive  passes  should  be  made 
In  high  gear  and  the  last  two  passes  again  Ir.  the  first  gear. 

The  first  pass  at  low  speed  ensure-  more  even  soli  surface,  and 
the  two  last  passes  at  low  speeds  bring  the  soli  density  to  the  optimal 
value  and  at  the  same  time  Improve  Its  structure.  The  recommended  speed 
limit  for  the  intermediate  passes  Is  8-10  kllometers/hour. 

Each  filled  layer  should  be  compacted  by  the  same  number  of  passes 
by  rollers  of  the  same  type. 


Pig.  39.  The  D-365  self- 
propelled  roller. 
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The  moisture  of  cohesive  soils  In  their  natural  state  Is  close  to 
the  optimal  value,  for  which  reason  soil  which  is  being  filled  should 
be  compacted  Immediately,  without  allowing  it  to  dry  cu«  in  the  hot  and 
dry  season  or  become  overmolst  In  the  rainy  period.  Excessive  moisture 
makes  It  Impossible  to  ensure  the  necessary  moisture  and  strength  of 
the  fill. 


Pig.  40.  Scheme  of  movement  of  tractor  drawn  rollers  In  compacting  a 
fill.  1)  Scraper  train  route;  2)  roller  route;  3)  soil  filling  strip, 
a)  Borrow  pit. 

The  drying  of  overmolst  soils  should  be  accelerated  by  loosening 
their  surface  by  plows  or  harrows.  If  not  enough  moisture  Is  present 
(less  than  8(#  of  the  optimal  value)  the  soli  Is  watered.  It  Is  sprink¬ 
led  from  the  temporary  water  pipeline  or  by  sprinkling  machines,  for 
example,  the  PM-8.  The  amount  of  water  varies  depending  on  the  state  of 
the  soli  and  on  the  weather. 

Tractor  drawn  and  motor  rollers  should  move  In  a  straight  line  In 
the  process  of  rolling,  gradually  moving  from  one  edge  of  the  fill  to 
another.  The  basic  scheme  for  the  movement  of  tractor  drawn  rollers  Is 
shown  In  Fig.  40. 

The  dimensions  of  coverage  are  established  depending  on  the  roller 
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type.  When  rolling  the  soil  using  a  train  of  three  smooth  tractor  drawn 
rollers,  the  minimal  coverage  dimensions  are  100  x  25  meters;  for  a 
heavy  tractor  drawn  roller  on  pneumatic  tires  and  for  a  sheepsfoot  rol¬ 
ler,  they  are  200  x  25  meters  and  for  a  motor  roller  they  are  50  x  5 
meters. 

Compacting  of  Soli  by  Tamping 

To  compact  soil  by  tamping,  use  Is  made  of  tampers,  tamping  plates 
serving  as  mounted  equipment  (Fig.  41),  and  special  tamping  machines. 
Tamping  can  be  used  for  compacting  cohesive,  noncohesive  and  large  rock 
bearing  soils.  Tamping  plates  may  be  made  from  steel  weighing  2-3  tons 
and  also  made  of  reinforced  concrete.  The  technical  and  operational  In¬ 
dicators  of  crane -suspended  plates  are  given  In  Table  16. 


Fig.  41.  Scheme  of  compacting  fill  soli 
by  a  tamping  plate  suspended  from  the 
boom  of  the  E-505  excavator,  a)  2  Me¬ 
ters. 

It  Is  recommended  that  the  plate  be  dropped  from  a  height  between 
1  and  3  meters,  since  at  the  Instant  of  Impact  from  a  too  large  drop¬ 
ping  height  or  In  case  of  an  overweight  plate,  the  soil  Is  displaced 
past  the  limits  of  the  plate. 

The  productivity  of  tamping  plates  Is  determined  by  the  formula 

n  -  .*?*■* ILz£Z*l  meters  V^our 

■ 

where  h^  Is  the  number  of  Impacts  per  minute;  h  Is  the  thickness  of  the 
compacted  layer,  meters;  B  Is  the  plate  width,  meters;  C  Is  the  overlap 
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TABLE  16 
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a)  Designation  of  Indicators;  b)  Indicators  for  plate  types;  c )  weight 
of  plate,  tons;  d)  dimensions  of  the  plate  in  plane,  meters:  e)  height 
to  which  raised,  meters;  f)  number  of  Impacts  per  minute;  g)  when 
raised  to  a  height  of  1  meter;  h)  when  raised  to  a  height  of  2  meters; 
i)  number  of  Impact  at  a  single  point  for  compacting  when  dropped  from 
the  height  of  1  meter;  j)  in  sand  loan  soli;  k)  In  clay  soil;  1)  thick¬ 
ness  of  the  tamped  compacting  layer,  cm;  m)  productivity  of  plate  per 
shift,  meters^. 


width,  meters;  n  Is  the  number  of  Impacts  at  the  same  point;  Ky  Is  the 
time  utilization  coefficient. 

The  fill  soil  Is  compacted  in  strips  of  40  x  60  meters.  From  each 
stand  the  soil  Is  tramped  along  an  arc  from  the  edge  of  the  strip  being 
compacted  toward  the  middle.  For  greater  compacting  uniformity,  the 
turning  angle  of  the  boom  relative  to  the  axis  of  excavator  motion 
should  be  taken  as  not  more  than  45°.  Each  trace  of  a  previously  com¬ 
pacted  strip  should  be  overlapped  by  0.10-0.15  meters.  The  number  of 
plate  Impacts  at  a  single  point  is  determined  experimentally  with  op¬ 
timally  moist  soil. 

Good  results  are  obtained  In  compacting  by  a  tamping  plate  dropped 
from  rigid  guides.  This  plate  suspended  from  the  E-505  excavator  com¬ 
pacts  by  two  Impacts  a  soil  layer  of  up  to  1.5  meters. 

Hammer-type  tamping  machines,  whose  working  elements  are  hammers 
falling  from  a  height  of  20-30  cm  are  lately  being  adapted  into  use. 
These  machines  compact  a  soil  layer  of  up  to  70-80  cm. 
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Cohesive  soils  an  expediently  eoepacted  tf  the  S-325  soli  eae- 
pecting  machine,  Installed  -a  the  basis  01'  the  crawler  excavator, 

with  a  1.0  meter  compaction  depth  by  3-4  passes  and  with  a  productivity 
of  200-223  meters^/ncur. 

Good  results  In  c impacting  sell  layers  up  to  1.0  meter  are  shown 
by  the  D-471  tawping  aachlne  with  a  compacting  strip  width  of  2.3  me- 
ters.  Here  standard  compaction  of  soil  In  a  1.0  neter  layer  requires 
3-6  Impacts  at  the  same  point. 

The  cost  of  compacting  soil  by  the  tamping  plate  Is  considerably 
higher  than  the  cost  of  compacting  by  tractor  drawn  rollers,  in  con¬ 
junction  with  which  the  use  of  tamping  Is  economically  advantageous 
when  the  working  area  Is  constructed  and  when  filling  must  be  performed 
In  deep  layers. 

Compacting  the  Soil  by  Vibration 

The  vibration  method  Is  used  for  compacting  noncohesive  loose  soil 
to  a  depth  of  1.5  meters  and  more.  Gravel  and  crushed  stone  soils  are 
compacted  satisfactorily  by  vibration.  Soil  can  be  compacted  by  tractor 
drawn  or  self-powered  vibrating  machines,  and  also  by  vibrating  machines 
suspended  from  the  hook  of  a  crane. 

The  self-propelled  D-358V  vibrating  machine  compacts  a  strip  1.2 
meters  wide.  The  working  element  of  the  machine  Is  a  cast  steel  plate 
to  which  a  single  roller  controlled  action  adjustable  vibrator  Is  at¬ 
tached.  A  capstan  which  serves  to  shake  the  machine  by  means  of  a  cable 
fastened  to  the  ground  anchor,  when  working  unler  difficult  conditions. 
Is  attached  to  the  front  part  of  the  plate. 

Technical  characteristics  of  vibrating  machines  are  given  In  Table 
17- 

A  plate  with  vibrators  mounted  on  It  serves  as  the  working  com¬ 
pacting  element  of  the  vibrating  machines  (Fig.  42). 
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1)  Designation  of  Indicators;  2)  Indicators  for  machine  brands;  3)  D; 

4)  type  of  machine;  5)  traecor  drawn  with  a  speed  reducer;  6)  self-pro¬ 
pelled;  7)  vibrator  type;  f)  with  eccentrics  placed  In  pairs  in  two 
housings,  with  a  vertically  directed  exciting  force;  9)  with  three  ec¬ 
centrics  on  a  single  shaft,  with  an  exciting  force  whose  direction  can 
be  adjusted;  10)  type  and  rating  of  motor,  HP;  11)  DT;  12)  carburator 
[spark  Ignition],  four-cycle;  13)  compacting  depth,  meters;  14)  bearing 
plate  area,  meters2;  15)  frequency  of  vibrations  per  minute;  16)  bear¬ 
ing  plate  amplitude,  mm;  17)  and;  18)  total  exciting  force,  tons;  19) 
from;  20)  to;  21)  weight  of  the  vibrating  part,  kg;  22)  working  speed, 
meters/hottr;  23)  overall  dimensions,  mm;  24)  length;  25)  width;  26) 
height;  27)  weight  of  machine,  kg;  28)  productivity  per  one  pass,  me¬ 
ters -yhour. 


The  DH-89  vibrating  roller,  pulled  by  the  DT-54  crawler  tractor 
has  given  a  good  account  of  itself  for  layer  by  layer  compacting  of 
soil  at  an  airfield.  The  vibrations  created  by  the  rotation  of  eccen¬ 
tric  shafts  of  the  vibrator  are  transmitted  to  the  roll  of  the  roller, 
which  compacts  a  soil  layer  of  0.5-0* 7  meters  in  3-4  passes.  The  use  of 
a  tractor  drawn  vibrating  roller  Is  especially  effective  In  compacting 
noncoheslve  and  sandy  soils. 
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Pig.  42.  General  view  of  the  D-368  self- 
powered  vibrating  machine. 

Compacting  of  Fills  by  Transportation  Facilities 

Alongside  with  the  basic  methods  for  compacting  o.  fills  It  Is  al¬ 
so  necessary  to  take  Into  account  and  make  maximal  use  of  the  compact¬ 
ing  effect  of  earth  moving  and  soil  hauling  facilities.  By  well  thought 
over  organization  of  the  movement  of  earth  moving  machines.  It  Is  pos¬ 
sible  to  achieve  preliminary  compacting  of  filled  soil. 

For  example,  when  moving  soil  by  scrapers  the  latter  should  be 
routed  along  a  strictly  specified  direction  calculated  so  that  the 
scraper  wheels  and  the  tractor  crawlers  should  uniformly  cover  the  en¬ 
tire  fill  area.  It  was  suggested,  for  improving  the  compacting  quality, 
that  the  tractor  drawn  scraper  should  be  equipped  with  several  addi¬ 
tional  pneumatic  tired  wheels.  The  use  of  such  a  scraper-roller  makes 
It  possible  to  reduce  their  cost  by  approximately  20#. 

17.  GRADING  OPERATIONS 

Grading  operations  are  performed  In  order  to  create  a  level  air¬ 
field  surface  and  to  finish  off  the  bottom  of  the  airport  subpavement 
bed. 

The  surface  Is  leveled  by  a  number  of  repeated  grader  passes  over 
the  same  trace  In  mutually  perpendicular  directions  with  a  pass  over- 
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l)  Designation  of  Indicators;  2)  indicators  for  brands;  3)  graders;  4) 
motor  graders;  c)  D;  6)  D-20B;  6)  D-20E;  7)  V;  8)  dimensions  of  the 

blade,  meters;  9J  length;  10)  height;  11)  blade  rotation  In  the  plane, 
degrees;  12)  360°  rotation;  13)  working  positions  of  blade;  14)  angle 
of  positioning  In  the  plane  to  the  longitudinal  axis,  degrees;  15) with¬ 
out  scarifier;  16)  cutting  angle  of  the  knives,  degrees;  17)  greatest 
angle  of  inclination  of  blade  when  extended  past  the  machine  bulk  for 
grading  a  slope,  degrees;  18)  depth  of  cut  for  the  knives,  mm;  19)  up 
to;  20l  greatest  extension  of  the  blade  to  the  side  (of  mechanisms), 
mm;  21)  additional  equipment;  22)  extension;  23)  extension  and  banking 
tool;  24)  extension  and  scarifier;  25)  extension,  banking  tool  and 
scarifier;  26)  forward  speed,  kllcneters/hour;  27)  from;  28)  to;  29) 
maximal;  30)  reverse  speed,  kllometers/hour;  31)  turning  radius,  me¬ 
ters;  32)  wheel  base,  meters;  33)  '-Ire  dimensions;  34)  number  of  wheels; 
35)  pulling  tractor  or  engine  rating,  HP;  36)DT;  37)  S;  38)  weight,  k<$; 
39)  fuel*  40)  diesel. 
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lapping  of  20-30  cm. 

Earth  wring  operations  Involving  correcting  the  nlcrotopography 
of  the  airfield  within  the  Units  of  +10-12  cn  (cut tang  off  of  Bounds, 
filling  of  depressions,  snail  ditches,  etc.),  and  finishing  off  of  the 
surfaces  of  fills  and  cuts  at  the  airfield  and  of  the  subpavement  bed 
are  Included  under  the  name  of  grading  operations. 

Kotor  and  tractor  drawn  graders  are  mainly  used  for  grading  opera¬ 
tions  on  the  airfield.  Rough  preliminary  grading  can  be  performed  by 
general  purpose  bulldozers.  The  subpavement  bed,  as  a  rule,  is  finished 
by  motor  graders.  The  technical  characteristics  of  motor  and  tractor 
drawn  graders  are  given  In  Table  18. 

The  oreratlonal  productivity  of  a  grader  Is  determined  by  the 
formula 

•(*-*•) 

where  L  Is  the  coverage  length,  meters;  I  Is  the  length  of  the  grader 
knife,  meters;  1^  Is  the  length  of  the  extension,  meters;  0  Is  the  cov¬ 
erage  angle,  degrees;  C  Is  the  coverage  size,  meters;  Ky  Is  the  time 
utilization  coefficient;  v  Is  the  speed,  meters/sec;  t  Is  the  time 

*  pov 

spent  In  turning  arouod  the  grader,  sec;  n  Is  the  number  of  passes  over 
a  single  trace. 

The  methods  for  conducting  grading  operations  depend  on  the  re¬ 
quirements  put  to  the  surface  and  on  the  kind  of  airfield  section  at 
which  they  are  performed. 

The  airfield  surface  is  finished  off  after  the  earth-moving  opera¬ 
tions  are  finished  and  after  the  topsoil  layer  has  been  placed  on  the 
surface. 

All  grading  operations  are  performed  In  two  stages;  first  Irregu¬ 
larities  which  can  be  seen  by  eye  are  removed  and  then  the  surface  Is 
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Is  finished  off  by  a  motor  grader  according  to  the  leveling  marks. 
Grading  of  the  Airfield  Surface  at  Zero  Sections 

Topographical  Irregularities  Involving  partial  lc^*.l  moving  of 
soil  are  corrected  at  the  zero  sections.  Topsoil  is  not  removed  from 
zero  sections.  In  category  II  and  IV  hard  soil  and  also  at  sections 
previously  occupied  by  trees  or  brushwood,  the  soil  before  grading  Is 
loosened  by  heavy  rippers  and  then.  If  necessary.  It  is  plowed.  The 
soil  should  be  loosened  to  a  depth  of  not  more  than  10-15  cm.  In  order 
to  avoid  bringing  mineral  soil  layers  to  the  surface. 

When  performing  grading  operations  by  bulldozers,  the  blade  Is 
usually  placed  with  the  cutting  edge  Just  touching  the  surface.  Moving 
forward,  the  bulldozer  cuts  off  mounds  and  fills  depressions,  thus  lev¬ 
eling  the  area.  The  grading  accuracy  In  working  with  a  bulldczer  Is  not 
too  high.  In  order  to  improve  the  grading  quality,  the  bulldozer  blade 
should  be  dragged  over  the  surface  with  the  bulldozer  moving  In  reverse, 
due  to  which  the  soil  Is  additionally  leveled  by  the  back  face  of  the 
blade. 

When  the  section  has  a  well  developed  sod  covering.  It  Is  preserved 
by  correcting  only  Individual  areas  whose  microtopography  does  not  sat¬ 
isfy  the  design  data. 

To  ensure  high  grader  productivity,  the  coverage  length  should  be 
300-350  meters  and  more,  and  the  width  for  tractor  drawn  graders  should 
not  be  less  than  100  meters.  Depending  on  the  condition  of  the  section, 
obtaining  a  level  surface  requires  from  2  to  5  grader  passes  over  the 
same  trace. 

The  surface  Is  graded  by  motor  graders  (graders)  according  to  a 
loop  scheme  from  the  coverage  boundaries  to  its  middle  or,  conversely, 
from  the  middle  to  the  boundaries.  In  making  passes  In  mutually  perpen¬ 
dicular  directions  the  first  and  the  last  pass  are  made  In  the  direc- 
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tlon  of  the  longitudinal  axis  of  the  unpaved  airstrip.  After  the  first 
motor  grader  (grader)  passes,  the  graded  surface  Is  rolled  to  expose 
sections  at  which  the  soil  density  Is  Insufficient.  All  the  subsequent 
motor  grader  (grader)  passes  are  alternated  with  rolling  until  a  level 
surface  corresponding  to  specifications  Is  obtained. 

The  major  factor  on  which  the  productivity  and  quality  of  the  mo¬ 
tor  grader  (grader)  work  depends  Is  the  angle  of  coverage  of  the  blade 
(Fig.  43).  The  coverage  angle  is  established  depending  on  the  soil  type 
and  on  the  surface  condition  In  the  limits  between  35  and  60°.  The 
smaller  values  of  the  coverage  angle  are  used  for  difficult  moist  soil, 
and  the  larger  values  for  light  dry  soils.  If  It  Is  necessary  to  move 
soil  In  the  direction  of  the  grader  motion,  then  the  blade  Is  set  at 
a  90°  coverage  angle. 

The  cutting  angle  Is  established  within  the  limits  from  40  to  60° 
(smaller  values  for  difficult  soils,  greater  for  light  soils). 

The  angle  between  the  blade  and  the  horizontal  (see  Fig.  43)  is 
set  by  the  grader  operator  in  the  process  of  work  In  a  manner  which 
will  ensure  cutting  off  of  Individual  surface  Irregularities.  The  maxi¬ 
mal  angle  between  the  blade  and  the  horizontal  Is  18-25°.  The  coverage 
and  cutting  angles  can  be  In  ;reased  for  the  last  grader  passes. 

A  considerable  Influence  on  Increasing  the  pulling  effort  of  the 
motor  gr  der  Is  exerted  by  the  air  pressure  In  the  tires.  Minimum  val¬ 
ues  >f  the  rolling  drs.£  coefficient  will  be  obtained  In  working  with 

o 

loose  soil.  If  the  air  pressure  In  the  tires  is  1. 0-2.0  kg/cm  ,  and  In 

O 

noncompacted  soil  when  the  tire  air  pressure  will  be  3*0-4. 0  kg/cm  . 

For  this  reason,  the  use  of  low  pressure  tires  In  combination  with  a 
centralized  system  for  regulating  the  air  pressure  in  them  Is  most  ex¬ 
pedient,  since  It  makes  It  possible  to  bring  the  air  pressure  in  the 
tires  in  complete  conformance  with  the  operational  conditions,  which 

-  118  - 


Increases  the  pulling  quality  of  the  motor  grader  and  loners  the  fuel 
consumption,  which  has  been  verified  by  the  operation  of  the  D-395  motor 
grader  with  low  pressure  tires. 


Pig.  43.  Positioning  angles  for  the  grader  blade.  1)  Tractor;  2)  front 
wheels;  3)  blade  with  cutting  edge;  4)  rear  wheels;  5)  soil  roll;  6) 
width  of  blade  coverage;  7)  base  frame;  8)  connecting  gear,  a)  Coverage 
angle;  b)  horizontal. 

When  grading  large  areas  by  tractor  drawn  graders.  It  Is  recom¬ 
mended  to  use  a  unit  consisting  of  two  or  three  graders  drawn  by  the 
S-80  or  the  S-100  tractor.  Graders  are  fastened  to  the  tractor  by  ca¬ 
bles  with  a  cross  section  of  20-25  nan  and  with  a  corresponding  length 
cf  11.77  or  27.77  meters. 

Grading  of  cut  and  fill  Surfaces 

The  surface  of  cuts  and  fills  Is  graded  after  termination  of  basic 
earth  moving  operations.  The  allowable  soil  remainder  In  cuts  is  not 
more  than  10-12  cm.  To  ensure  high  quality  of  operations.  It  Is  exped¬ 
ient  to  produce  fills  with  a  6-7  cm  surplus.  The  conformance  of  the  ob¬ 
tained  cut  and  fill  surface  to  design  specifications  Is  checked  by  con- 
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trol  leveling  of  the  surface  before  commencing  grading  operations.  If 
the  soli  left  over  at  Individual  points  of  the  cut  exceeds  10-12  cm, 
then  the  soil  should,  again  be  cut  which  should  be  immediately  followed 
by  grading.  Depressions  found  In  the  fill  should  be  filled  before  the 
start  of  grading. 

The  procedure  for  performing  grading  at  cut  sections  and  also  the 
setting  blade  positions  do  not  differ  from  that  used  at  sections  with 
zero  elevations.  Usually  from  2  to  5  passes  of  grading  machines  over 
the  saw  trace  are  necessary  for  obtaining  a  level  surface.  The  number 
of  passes  depends  on  the  precision  with  which  the  main  earth-moving 
operations  were  performed,  and  also  on  the  quality  of  the  cut  subsoil. 

Thorough  finishing  of  the  cut  Is  performed  after  the  topsoil  layer 
nao  been  deposited  on  its  surface. 

The.  fill  surface  are  finish  graded  only  after  careful  compacting 
of  the  upper  layer. 

I- 

18.  EARTH  MOVING  OPERATIONS  UNDER  WINTER  CONDITIONS 

I  ■ 

Peculiarities  of  Operations  In  the  Winter  Time 

Powerful  earth  digging  equipment  and  experience  acquired  In  the 
construction  of  airports  and  hydraulic  structures  make  It  possible  to 
perform  a  certain  part  of  earth  moving  operations  In  the  fall  and  win¬ 
ter  season. 

Performance  of  earth  moving  operations  In  the  winter  time  Is  com¬ 
plicated  to  a  considerable  degree  due  to  frozen  soli,  low  air  tempera¬ 
tures  and  snow.  All  thts  In  a  number  of  cases  results  In  Increasing  the 
cost  of  earth  moving  work  In  comparison  with  work  during  the  summer 
season.  However,  taking  Into  account  the  decrease  In  time  required  for 
work  and  the  possibility  of  year-round  utilization  of  equipment  and 
earth  .digging  gear,  the  total  cost  of  airport  construction  decreases, 
as  a  rule. 
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In  palnnlng  earth  moving  operations  with  respect  to  the  tines  of 
the  year,  the  climatic  conditions  of  the  construction  region  and  the 
character  of  operations  must  be  taken  into  account. 

Work  planned  for  the  winter  period  should  primarily  be  such  which 
is  performed  simpler  and  cheaper  precisely  under  winter  conditions. 
These  operations  include  removal  of  peat  from  marshes  by  excavators  or 
by  blasting,  quarrying  of  cuts  in  quicksands  by  the  freezing  out  method 
etc.  The  working  of  rocky  dry  noncohesive  soils  and  placing  them  in  a 
fill  does  not  entail  large  additional  costs  when  performed  in  the  win-, 
ter  time. 

A  considerable  cost  increase  is  Involved  when  excavating  cohesive 
overmoist  soils  in  the  winter  time.  The  performance  of  small  volume  or 
scattered  sections  of  earth  moving  operations,  and  also  grading  of  ths 
airfield  surface  is  not  advantageous  ir*  the  winter  time. 

Work  planned  for  the  winter  period  primarily  pertains  to  sections 
with  concentrated  sell  masses  and  with  short  soil  hauling  distances. 

Performance  of  earth  moving  work  in  the  winter  is  economically 
advantageous  when  it  is  possible,  in  the  process  of  operations,  to  main 
tain  the  soil  in  the  pit  in  the  thawed  out  state  or  when  working  with 
soil  which  has  not  frozen.  Artificial  thawing  out  of  soil  at  the  air¬ 
field  is  permitted  only  in  exceptional  cases. 

A  special  plan  of  earth  moving  work  is  compiled  for  the  winter, 
taking  into  account  specific  peculiarities  of  the  given  area.  As  a  rule 
earth  moving  operations  in  the  winter  should  be  performed  throughout 
the  day  and  night,  especially  when  using  scrapers  and  bulldozers. 

The  composition  of  earth  moving  operations  performed  in  the  winter 
time  includes  area  clearing  operations,  loosening  and  windrowing  of  the 
frozen  soil  layer,  and  particularly  earth  moving  operations  with  ex¬ 
posed  not  frozen  soil  layer. 
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Preparatory  Work 

Preparatory  work  and  measures  facilitating  the  performance  of  work 
In  the  winter  should  be  performed  in  the  fall,  before  the  first  frosts. 
They  include  staking  out  the  contours  of  cuts  and  fills,  including  the 
restoration  of  the  needed  monuments,  clearing  the  surfaces  of  cuts, 
fills  and  soil  hauling  roads,  ensuring  temporary  water  drainage;  pre¬ 
paration  of  heating  materials,  fencing  shields  and  devices  for  snow  re¬ 
moval,  preparing  the  earth  digging  equipment  and  gear  for  work  under 
winter  conditions,  performing  technical  training  in  execution  of  work 
in  the  winter  time  and  in  safety  precautions  and  construction  of  prem¬ 
ises  where  the  workers  could  warm  themselves  up. 

Sections  for  which  winter  work  is  planned  should  be  protected  from 
freezing  up  or  at  least  their  freezing  depth  should  be  decreased. 

When  the  excavation  of  a  cut  Is  slated  for  the  beginning  of  the 
winter,  the  simplest  method  for  protection  of  pits  Is  plowing  of  the 
cut  sections  to  a  depth  of  not.  less  than  0. 35  meters  with  subsequent 
harrowing  to  the  maximally  possible  depth.  This  decreases  the  thermal 
conductivity  of  the  surface  layer  and,  consequently,  the  amount  of  heat 
given  up  by  the  lower  lying  soil  layers. 

Soil  can  be  protected  from  freezing  by  cross  (double)  loosening  to 
a  depth  up  to  0.50  meter  by  the  tractor  drawn  D-162A  cultivator  (Fig. 
44),  which  keeps  the  soil  under  the  cultivated  layer  In  the  thawed 
state  for  the  first  third  of  the  winter. 

If  earth  moving  work  Is  performed  throughout  the  winter,  then  the 
cut  Is  protected  from  freezing  by  covering  Its  surface  by  loose  soil, 
snow  or  by  local  Inexpensive  Insulating  materials  (dry  peat,  sawdust, 
slag,  straw  mats,  etc. ). 

The  most  frequently  used  Insulating  material  In  snowbound  regions 
Is  snow,  especially.  If  the  earth  moving  work  Is  planned  for  the  second 
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Fig.  44.  Scheme  for  loosening  of  soli  by  the  D-162A  cultivator  for  pro¬ 
tecting  them  from  freezing.  1)  Loosened  layer;  2)  point  at  which  work 
begins;  3)  axes  of  cultivator  motion,  a)  Nor  more  than  0.5  meters. 

half  of  winter.  This  method  is  the  least  expensive  and  at  the  same  time 

effective.  If  we  take  Into  account  that  the  time  required  for  freezing 

even  of  dense  snow  Is  by  a  factor  of  2  smaller  than  the  freezing  time  of 

of  unprotected  argillaceous  soil. 

In  regions  where  the  snowfall  Is  not  profuse.  It  Is  expedient  to 
accumulate  snow  by  setting  up  shields  and  dets  or  by  using  snow  wln- 
d  jws  placed  In  the  path  of  winter  winds. 

Soli  Insulators  are  removed  before  the  work  at  the  given  section 
begins. 

Soil  can  be  prevented  from  freezing,  according  to  experience  ac¬ 
quired  by  certain  construction  organizations,  by  Introducing  sodium 
chloride  or  calcium  chloride  Into  It. 

Loosening  and  Wlndrowlr.^  of  the  Frozen  Soil  Layer 


When  the  freezing  depth  Is  up  to  20  cm,  the  frozen  soil  crust  Is 
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broken  up  by  rippers,  which  depending  on  the  character  of  operations 
make  from  1  to  5  stands.  The  crust  thus  broker,  up  is  moved  by  bulldo¬ 
zers  or  scrapers  out  of  the  section.  When  the  work  volume  Is  large, 
loosening  Is  done  by  a  special  attachment  in  the  form  of  a  ball  or 
wedge  hammer,  which  Is  suspended  from  an  excavator  or  crane  boom.  The 
above  attachment  can  break  up  a  frozen  soli  crust  up  to  40-50  cm  thick. 
Loosening  of  soil  frozen  to  25-35  cm  requires  2-3  hits  by  a  1  ton  wedge 
hammer.  When  the  freezing  depth  is  large,  a  2  ton  wedge  hammer  Is  used. 
Oood  results  are  obtained  by  loosening  with  a  diesel  driven  hammer.  In¬ 
stalled  on  a  tractor  or  bulldozer. 

Preliminary  cutting  of  the  frozen  soli  into  blocks  is  used  in  addi¬ 
tion  to  the  enumerated  methods.  The  dimensions  of  the  blocks  In  the 
plane  should  correspond  to  the  dimensions  of  the  excavator  bucket. 

The  cutting  Is  performed  by  a  special  knife  (Fig.  45),  produced  as 
replaceable  excavator  equipment,  or  by  cutting  disks  fastened  to  a 
ditcher.  Cutting  of  frozen  soil  Into  blocks  requires  2-4  times  less  en¬ 
ergy  In  comparison  with  thorough  loosening. 

Frozen  soil  Is  loosened  by  blasting  using  standard  blast  drilling 
methods*  Blast  holes  are  bored  by  pneumatic  perforators  or  electric 
drills  to  a  depth  of  0.80-0. 90  of  the  frozen  layer  thickness.  The  blast 
holes  are  staggered  so  that  the  distance  between  the  blast  holes  ex¬ 
ceeds  to  the  freezing  depth  by  a  factor  of  1.3  (Fig.  46). 

Frozen  soil  is  blasted  by  ammonites  and  ammonales,  bolyl  and  pic¬ 
ric  acid.  The  use  of  dynamite  under  winter  conditions  Is  not  permitted. 
The  frozen  soil  lumps  after  blasting  should  be  not  more  than  0.4  of  the 
excavator  bucket  capacity,  for  a  shovel  equipped  excavator,  and  0.25  of 
the  excavator  bucket  capacity  for  a  dragline  equipped  .xcavator.  After 
the  blasting  the  frozen  soil  is  removed  and  the  holes  are  evened  out  by 
bulldozers.  It  is  recommended  that  at  temperatures  above  -20°,  blasting 
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be  performed  once  every  24  hours,  and  at  temperatures  below  -20°,  it 
should  be  performed  at  each  shift. 


Pig,  45.  Knife  for  cut 
lng  of  frozen  soil. 


[excavator].  When  tho  frozen 


Quarrying  of  Cuts  by  Excavators 

It  is  expedient  to  use  excavators 
when  working  in  deep  pits.  In  order  that 
the  specific  volume  of  frozen  soil  In 
comparison  with  the  thawed  out  soil  be 
as  far  as  possible  Insignificant.  When 
the  frozen  soil  thickness  is  small  (up 
to  25-30  cm),  no  additional  loosening 
is  required  when  using  a  power  shovel 
soil  is  up  to  40-50  cm  thick,  it  is  loos- 


Fig.  46.  Scheme  for 
placing  blasting  holes 
and  boreholes  when 
loosening  frozen  soil. 

1)  Frozen  soil;  2)  depth 
of  blasting  hole  and 
borehole;  3)  height  to 
which  the  bank  Is  excav¬ 
ated;  4)  distance  be¬ 
tween  the  blastholes  and 
boreholes  within  a  row; 
5)  distance  between  rows 
of  blastholes  and  bore¬ 
holes.  a)  Plan. 


ened  by  a  wedge  or  ball  hammer,  and  the 
thawed  out  soil  Is  excavated  by  a  power 
shovel. 

The  wedge  hammer  can  be  operated 
from  the  same  excavator  which  makes  the 
cut.  A  type  E-505A  excavator  ordinarily 
spends  only  1.5  hours  per  shift  for 
loosening  of  the  frozen  soil.  Here  It 
takes  30-40  minutes  to  replace  the  ex¬ 
cavator  bucket  by  the  wedge  hammer.  When 
loosening  frozen  soil  by  blasting,  the 
operations  are  performed  at  three  cover¬ 
age  sections  (Fig.  47). 

The  size  of  coverage  sections  Is 
established  depending  on  the  excavator 
productivity  per  shift.  During  firing, 
the  excavator  Is  placed  In  a  safe  zone. 
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The  excavation  under  winter  conditions  of  dry  sandy  soil  does  not 
differ,  by  the  working  conditions,  from  those  prevailing  In  the  stumer. 


b 

M 


Fig.  47*  Scheme  for  breaking  up  a  section  quarried  by  an  excavator  when 
loosening  the  frozen  layer  by  blasting.  The  first  coverage  sections  is 
the  quarrying  of  the  loosened  soil;  the  2nd  coverage  section  Is  the 
loosened  section;  the  3rd  coverage  section  Is  boring,  charging  the 
blastholes  and  firing  tKe  charges,  a)  Section  under  cut;  b)  1st  cover¬ 
age  section;  c)  2nd  coverage  section;  d)  3rd  coverage  section. 

In  working  In  clay  soil  and  also  In  dusty  overmolst  sand  soil,  the 
number  of  excavating  cycles  Is  decreased  by  almost  a  half  In  comparison 
with  summer  work.  The  excavator  bucket  must  be  periodically  cleaned  of 
frozen  soil  sticking  to  Its  walls  by  pneumatic  haaners  or  by  electric 
heaters. 

In  the  winter.  It  Is  necessary  to  have  spare  sets  of  excavator 
buckets. 

The  soil  Is  moved  Into  the  fill  primarily  by  dump  trucks  which 
should  move  with  the  highest  possible  speed.  In  order  to  prevent  the 
soil  from  freezing  to  ♦he  body,  the  bottom  Is  sprayed  by  slag  or  salt, 
and  sprinkled  with  diesel  oil  when  It  Is  extremely  cold.  At  the  end  cf 
a  shift,  and  before  the  lunch  break,  the  body  east  be  cleaned  of  soil 
frozen  to  It.  The  soil  hauling  time  is  scheduled  so  that  the  soil 
should  not  have  enough  time  to  freeze  before  unloading. 

Quarrying  of  cuts  Under  Winter  Conditions  by  Scrapers  and  Bulldozers 

Cutting  by  scrapers  and  bulldozers  should  be  conducted  continuously 
over  the  entire  area  of  the  cut  using  a  large  number  of  machines,  so  as 
to  prevent  the  formation  of  frozen  soil  pockets.  The  pit  area  should  be 
minimal.  At  an  air  temperature  up  to  -20°  soil  should  be  cut  at  the 

-  126  - 


0 


same  point  not  less  than  each  15  minutes ,  in  order  to  prevent  freezing 
over  of  open  cuts  before  the  entire  cutting  operation  Is  over.  A  frozen 
soil  crust  must  be  loosened  as  soon  as  it  is  formed  (for  example,  by 
using  loosening  teeth  mounted  on  the  bulldozer).  After  one  coverage 

j 

section  has  been  quarried,  the  entire  scraper  (or  bulldozer)  team  moves 
over  to  a  previously  prepared  coverage  section. 

; 

The  scraper  bucket  bottom  and  the  bulldozer  blade  are  lubricated 

by  spent  lubricants  or  diesel  oil  before  the  start  of  work.  | 

j 

Organization  of  night  work  Is  of  great  significance  for  speeding 

j 

up  the  winter  earth  moving  operations. 

•  f 

Pilling  of  fills  In  the  V/ Inter  Period  j 

In  making  fills  In  the  winter  time  special  attention  must  bepald 
to  the  quality  of  work.  To  ensure  strength  and  stability  of  the  fills, 
frozen  soil,  snow  and  Ice  should  not  be  permitted  to  penetrate  Into  the 
fill,  and  the  open  pits  and  soil  placed  in  the  fill  should  be  protected 
from  freezing  as  long  as  the  filling  work  Is  In  progress. 

Directly  before  starting  the  filling  operations,  the  fill  base 
should  be  thoroughly  cleared  of  snow,  the  surface  ice  should  be  broken 
up  and  removed  from  the  fill  area.  The  soli  should  be  placed  In  the  j 

i 

fill  at  a  rate  which  will  not  permit  the  freshly  placed  soli  layer  to 
freeze  before  the  next  thawed  layer  is  placed  In  the  fill. 

In  the  case  of  a  forced  Interruption  the  filled  soil  layer  Is  cov¬ 
ered  from  the  top  by  Insulating  facilities  to  prevent  It  from  freezing. 
Subsequently,  when  recommencing  work  at  this  section  of  the  fill,  the 
ice,  snow  and  also  the  insulating  facilities  are  removed. 

Placing  of  frozen  soil,  and  also  of  soil  with  a  moisture  content 
close  to  the  liquid  limit  In  a  fill  Is  not  permitted.  The  thawed  soil 
lumps  should  be  not  larger  than  15  cm  In  order  to  prevent  extensive 
settling  of  the  fill.  Only  soli  with  good  drainage  quality  should  be 


127  - 


placed  In  a  fill. 

The  soil  is  placed  In  a  fill  in  layers  simultaneously  over  the  en¬ 
tire  width  with  thorough  layer  by  layer  compacting,  which  Is  most  con¬ 
veniently  performed  by  rollers  on  pneumatic  tires  with  Independent 
wheel  suspension. 

If  the  earth  moving  operations  plan  calls  for  filling  the  lower 
part  of  the  fill  In  the  summer  and  of  the  upper  In  the  winter,  then 
draining  soil  Is  placed  In  the  lower  part  or,  at  least  a  draining  sys¬ 
tem  Is  constructed  between  the  summer  and  winter  parts  of  the  fill. 
Usually  all  the  defects  of  a  fill  produced  in  the  winter  are  exposed  in 
the  spring,  for  which  reason  a  close  watch  should  be  kept  In  this  sea¬ 
son  and  deformation  thus  exposed,  caused  by  settling  of  the  fill, 
should  be  Immediately  correctly. 

19.  RYDROKECHANIZATION  OP  EARTH  MOVING  OPERATIONS 

When  earth  is  performed  by  the  hydraulic  method,  the  soil  Is  ex¬ 
cavated,  transported  and  placed  in  the  fill  continuously  using  the  en¬ 
ergy  of  a  water  stream. 

Hydrcmechanlzatlon  in  airport  construction  can  be  used  in  the  ex¬ 
cavation  of  deep  cuts  and  In  filling  of  high  fills,  for  transporting 
concentrated  soil  volumes,  excavated  at  the  airfield  by  earth  digging 
machines  when  constructing  airports  In  food  plains  and  river  valleys 
and  in  constructing  bankslde  sections  of  seaplane  airports.  Operations 
for  excavating  and  enriching  of  sand  and  gravel  are  also  performed  by 
the  hydraulic  method. 

The  basic  advantages  of  hydromechanisation  consist  In  the  moderate 
weight  of  equipment,  the  simplicity  of  l*s  assembly,  the  low  operation¬ 
al  cost  and  high  productivity. 

In  order  for  the  hydraulic  method  to  be  effective,  it  should  be 
used  with  large  and  concentrated  volumes  of  soil  at  a  moderate  distance 
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from  the  cut  to  the  fill  locations;  closeby  large  quantity  water  sour¬ 
ces,  ensuring  performance  of  work;  cheap  sources  of  electrical  power; 
favorable  topographical  conditions;  ease  In  washing  out  of  soil  slated 
for  excavation  and  removal. 

Not  all  soils  are  washed  out  by  water  with  the  same  ease.  The  ease 
of  erosion  depends  on  the  cohesiveness  and  density  of  the  soil.  The 
more  densa  the  soil  and  the  greater  the  Internal  binding  forces,  the 
more  difficult  It  Is  to  wash  it  out.  Por  this  reason,  noncoheslve  sandy 
loam  and  sandy  soils  are  eroded  easier  and  require  a  smaller  water  con¬ 
sumption  than  clay  and  argillaceous  soils.  Soil  containing  large  frac¬ 
tions  (gravel  soil),  are  eroded  easily,  but  they  should  be  transported 
at  high  speeds  so  as  to  prevent  the  gravel  particles  from  settling  en¬ 
rol  te. 

Soils  with  good  filtering  qualities  are  used  in  the  majority  of 
cases  for  hydraulic  filling,  since  soil  from  which  water  separates  with 
difficulty  dry  very  slowly  and,  consequently,  fills  made  from  these 
soils  will  dry  for  a  long  period  of  time  (up  to  2  years  and  more). 

Hydranechanlzation  of  earth  moving  operations  consists  in  the  fol¬ 
lowing  processes: 

washing  out  the  soil  and  converting  It  Into  a  slurry; 

transporting  the  slurry  to  the  hydraulic  filling  location; 

hydraulic  filling  of  the  soil. 

Of  great  significance  are  proper  organization  and  mechanization 
of  auxiliary  operations,  which  Includes  preparing  the  surface,  laying 
of  water  and  slurry  pipelines,  construction  of  overhead  lines;  etc. 
Excavating  the  Soli 

Two  methods  of  hydraulic  excavation  are  available: 

1.  Washing  out  of  soil  ir.  a  dry  pit  by  a  pressure  stream  of  water 
using  hydraulic  excavators. 


2.  Drawing  In  of  soli  together  with  the  water  from  the  reservoir 
bottom,  using  a  suction  dredge. 

A  stream  flowing  out  from  the  hydraulic  excavator  nozzle  Is  direct¬ 
ed  at  high  speed  to  the  excavated  point  of  the  pit  and  washes  out  soil 
which  flows  along  t  ditch  or  slope  to  the  slurry  intake  of  the  suction 
dredge  or  to  the  head  of  the  trough  (In  free  flow  transportation). 

Hydraulic  excavators  are  made  with  a  central  bolt,  with  a  spheri¬ 
cal  hinge  Cm,  GK2  and  others.  The  basic  Indicators  of  hydraulic  excav¬ 
ators  are  the  water  productivity,  speed  of  the  stream  on  issuance  and 
the  pressure  ahead  of  tie  nozzle. 

The  water  consumption  of  a  hydraulic  excavator  Is  determined  by 
the  formula 

meters^/sec 

where  v  is  the  nozzle  velocity  of  the  stream,  meters/sec;  D  is  the  dia¬ 
meter  of  the  exit  hole,  meters  and  Is  the  flow  coefficient  (velocity 
coefficient),  approximately  equal  to  0.93-0*96. 

The  required  nozzle  diameter  Is  determined  from  the  same  formula 
If  the  water  flow  rate  Is  given. 

The  value  of  the  destroying  velocity  comprises:  for  sand  10-15 
meters/sec,  for  sandy  loam  13-27  meters/sec,  for  argillaceous  soil  18- 
26  meters/sec  and  for  clay  25-34  meters/sec. 

The  nozzle  velocity  of  the  stream  should  exceed  the  destructive 
velocity  of  the  stream,  the  value  of  which  depends  on  the  soil  [type]. 

The  hydraulic  excavator  Is  supplied  with  water  by  centrifugal 
pumps  with  a  delivery  from  300  to  1600  meters  Aiour. 

The  required  pump  delivery  Is  determined  by  the  formula 

meters^/hour 

where  V  Is  the  total  volume  of  soil  to  be  washed  out,  meters^,  £  Is  the 
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specific  flow  rate  of  water  needed  for  excavating  1  meter^  of  soil,  me- 
ters  ■  and  T  Is  the  number  of  hours  during  which  the  work  should  he  per¬ 
formed. 

The  rating  of  the  drive  for  the  pump  supply  the  hydraulic  excava¬ 
tor  with  water  Is  calculated  by  the  following  formula 


where  ^  Is  the  head  created  by  the  pump,  meters;  and  ij  Is  the  pump  ef¬ 
ficiency  (0.7-0. 8). 

The  head  produced  by  the  pump  should  be  greater  than  the  available 
head  at  the  hydraulic  excavator  nozzle  by  the  amount  of  pressure  losses 
In  the  hydraulic  excavator  proper  and  by  the  topographical  difference 
between  the  elevation  of  the  hydraulic  excavator  and  of  the  water  In¬ 
take  level.  The  water  Is  supplied  from  the  pumping  station  to  the  hy¬ 
draulic  excavator  along  steel  pipes  with  flange  Joints.  Pipes  are  pro¬ 
tected  from  rusting  by  covering  theta  by  a  special  compound. 

The  pipeline  route  should  be  chosen  by  taking  into  account  the  top¬ 
ography  of  the  area,  in  order  to  minimize  the  capital  and  operational 

»  r 

expenditures. 

The  pipelines  are  tested  at  a  pressure  not  less  than  150#  of  the 
working  pressure.  An  act  must  be  compiled  listing  the  test  results. 

Most  frequently  the  soli  Is  eroded  from  the  bottom  by  a  head-on 
stream,  locating  the  hydraulic  excavator  at  the  base  of  the  pit  (Pig. 
48), 

The  stream  directed  at  the  base  of  the  pit  washes  out  the  soli, 
causing  the  upper  layers  to  cave  In,  which  ensures  high  productivity. 

The  stream  should  be  directed  almost  perpendicular  to  the  pit  wall.  The 
hydraullclng  operation  should  be  continuous,  slowly  moving  the  water 
stream  from  side  to  side.  The  productivity  of  the  hydraulic  excavator 


-  131 


depends  to  a  large  extent  on  the  distance  at  which  It  Is  placed  from 
the  pit  base.  As  the  distance  Increases,  the  force  of  the  Inpact  of  the 
water  stream  on  the  pit  walls  decreases.  But  due  to  the  danger  of  pos¬ 
sible  cave ins,  the  allowable  distance  between  the  excavator  and  the  pit 
wall  is  the  height  of  the  pit.  For  placing  the  hydraulic  excavator 
stream  at  the  smallest  distance  from  the  pit  wall,  use  Is  made  of  spe¬ 
cial  close-quarter  operation  hydraulic  excavators  (armored  GBB  (close 
quarter  operation  hydraulic  excavator]),  all  the  mechanisms  of  which 
are  covered  by  an  armored  done,  and  the  control  is  achieved  by  electric 
motors  from  the  excavator  control  point. 


Fig.  48.  Scheme  for  hydraullcklng  by  a  hydraulic  excavator  (from  the 
bottom  up)  by  a  direct  stream,  a)  Cave -In  plane. 

Wien  hydraullcklng  a  cut  "from  the  top”  (by  back  cutting),  the 
hydraulic  excavator  Is  placed  above  the  pit  being  excavated.  However, 
this  method  Is  not  as  productive  and  Is  used  less  frequently. 

The  time  after  which  the  hydraulic  excavator  Is  moved  to  a  new 
position  Is  called  the  hydraulic  excavator  pitch.  An  attempt  should  be 
made  In  hydraullcklng  that  the  number  of  moves  from  the  old  to  the  new 
position  should  be  as  small  as  possible. 

It  Is  known  that  the  erosion  Intensity  Increases  by  Increasing  the 
water  flow  rate  from  the  nozzle,  for  which  reason  It  Is  always  advanta¬ 
geous  to  perform  hydraullcklng  operations  by  one  large  hydraulic  ex¬ 
cavator  than  by  two  moderately  sized,  with  the  same  total  water  flow 


rate. 


The  excavating  effectiveness  Is  Increased  by  e cabining  the  hy- 
draullcklng  with  preliminary  loosening  of  the  soil  by  a  bulldozer.  Then 
the  specific  consumptlonof  electric  power  Is  lowered  to  30$$. 

If  the  section  is  made  up  of  difficult  soil,  then  it  can  be  quar¬ 
ried  by  excavators  or  bulldozers,  moving  It  into  special  Installations 
where  the  soil  Is  made  Into  a  slurry  which  Is  then  supplied  to  the  hy¬ 
draulic  fill  point  by  a  suction  dredge. 

Floating  hydraulic  dredges  are  used  for  excavating  underwater  soil 
when  constructing  airports  in  flood  plains  and  river  valleys.  The  float 
ing  dredge  sucks  In  a  slurry  and  creates  a  pressure  for  moving  It  to 
the  pressure  slurry  pipeline  to  the  point  of  hydraulic  fill.  In  addi¬ 
tion  to  floating  hydraulic  dredges,  use  Is  made  of  land  bound  hydraulic 
dredges,  either  stepping  or  on  slide  rails. 

Transporting  the  Slurry 

The  soil  washed  out  by  hydraulic  excavators  flows  freely  through 
open  ditches  or  receiver  troughs  to  a  collector  and  then  It  Is  supplied 
by  a  hydraulic  dredge  at  a  pressure  for  transportation  to  the  fill.  If 
natural  slopes  are  available  and  the  distance  to  the  fill  section  is 
Insignificant,  the  slurry  Is  moved  by  free  flow  along  main  troughs. 

Due  to  the  fact  that  they  have  to  be  moved  frequently,  the  receiv¬ 
er  troughs  are  made  from  short  lirks  up  to  3-4  meters  long.  The  main¬ 
line  troughs,  as  a  rule,  are  not  moved  over,  or  are  moved  over  very  In¬ 
frequently,  for  which  reason  the;,  are  made  by.  using  the  entire  length 
of  the  boards.  The  boards  are  corrected  with  groove  and  tongue  Joints 
and  the  gaps  are  calked. 

Main  line  troughs  and  slurry  pipelines,  as  was  shown  by  experience 
acquired  In  their  use,  should  be  laid  on  overhead  ramps  with  a  height 
from  0.5  to  1.0  meters  and  more. 
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If,  due  to  topographical  conditions,  the  slurry  cannot  move  by 
free  flow,  then  It  la  moved  ever  by  soil  pumps,  the  operating  principle 
of  which  does  not  differ  from  that  of  ordinary  centrifugal  pumps.  The 
soil  pumps  are  produced  with  deliveries  from  30  to  1000  meters^/^iour 

i 

with  an  available  head  from  20  to  80  meters. 

In  calculating  the  head  which  should  be  produced  by  the  soil  rump, 

■» 

It  Is  necessary  to  take  Into  account  the  specific  weight  of  the  slurry, 
which  differs  from  the  specific  weight  of  water,  and  the  slightly  In¬ 
creased  resistance  to  the  motion  of  the  slurry.  Speeds  needed  for  trans¬ 
porting  of  slurry  In  pipelines  and  by  free  flow  In  troughs  are  given  In 
Table  19. 

TABLE  19  The  pulp  from  the  receiver  Is 

pumped  by  the  soil  pump  Into  the  slurry 
pipeline  consisting  of  large  diameter 
pipes.  Welded  thlnwalled  steel  pipes  are 

1 

usually  used  for  the  slurry  pipelines. 

The  costs  of  constructing  pipelines 
constitute  the  main  expenditures  for 
auxiliary  hydraulic  structures,  for  wnich 

1)  Soil  being  washed  out; 

2)  speeds  needed  for  trans-  reason,  proper  choice  of  the  route  and  a 
porting  the  slurry,  meters/ 

/sec;  3)  by  free  flow  In  well  planned  organization  of  lnstalla- 

t roughs;  h )  under  pressure 

through  pipes;  5)  silt,  tlon  are  of  great  significance  in  de¬ 

clay;  6)  fine  sand;  7) 

coarse  sand;  8}  fine  grav-  creasing  the  cost  of  hydromechanization, 
el;  9)  drenched  pebbles, 

2.5  ca  In  size.  Sharp  pipeline  turns  should  be 

avoided  In  routing,  since  this  results  In  increased  wear  of  the  slurry 
pipeline  turning  points.  When  the  pipelines  are  laid  out  with  steep  an¬ 
gles  and  large  slopes,  they  can  be  stopped  up  when  the  soil  pump  Is 
disconnected. 

In  order  to  save  pipes,  the  slurry  pipeline  routes  are  laid  out  as 


-  134 


5 

f 


far  as  possible  along  a  straight  line,  frequently  over  difficult  ter- 
rail..  For  this  reason,  the  pipes  are  distributed  along  the  route  by 
crawler  tractors  with  trailers.  It  Is  expedient  to  use  a  light  tractor 
In  order  to  more  completely  utilize  Its  capacity.  The  tractor  trailer 
can  be  on  wheels  or  on  runners. 

It  Is  recommended  that  pipes  be  laid  out  on  the  ramp  and  assembled 
by  the  BE-2  pipelaying  crane  or  by  an  excavator  crane  with  a  3*5  ton 
capacity  with  a  boom  8-12  meters  in  height. 

During  the  assembly  work  the  pipe  layer  moves  parallel  to  the 
route,  raising  the  pipes  to  the  required  height  and  moving  together 
with  the  pipe,  if  necessary,  along  the  route. 

Due  to  the  poor  passablllty  under  roadless  conditions  characteris¬ 
tic  of  the  construction  site,  truck  mounted  cranes  are  not  used  for  as¬ 
sembly  of  pipelines,  but  they  can  be  used  to  an  advantage  In  loading 
and  unloading  of  pipes  in  warehouses  and  In  removing  them  from  railroad 
flatcars. 

Main  line  slurry  pipelines  are  assembled  in  the  following  sequence: 
first  the  ramp,  which  maintains  the  pipeline  on  a  uniform  level  Is  con¬ 
structed,  and  then  pipes  are  delivered  along  the  route  and  deposited 
near  the  ramp. 

Inaccuracies  discovered  in  leveling  the  ramp  surfaces  are  correct¬ 
ed  by  placing  Inserts  at  support  points  which  require  them.  The  height 
cf  the  inserts  should  r.ot  exceed  6-7  cm.  The  pipeline  fittings  should 
be  installed  together  with  the  pipes. 

The  pipes  should  be  assembled  starting  with  the  end  of  the  pipe¬ 
line,  v;ith  points  of  intersection  with  roads  or  with  fancy  parts. 

Before  putting  it  into  service,  the  pipeline  and  Its  installations 
are  subjected  to  a  hydraulic  test. 
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Hydraulic  Pilling 

The  use  of  hydraullcklng  In  filling  of  fills  at  the  airfield  Is 
expedient  in  the  case  of  large  areas  and  volume  of  work  (Fig.  49). 

Hydraulic  filling  can  be  performed  by  the  ramp  or  rampless  method. 

t 

In  the  ramp  method,  the  hydraullcklng  slurry  pipelines  are  laid 
out  on  wooden  or  metal  ramps,  which  are  moved  over  as  a  layer  of  sped- 
fled  thickness  Is  filled.  Demountable  ramps  made  from  metal  are  more 
convenient  due  to  the  fact  that  they  can  be  reused  and  due  to  complete 
mechanization  of  the  erection  work. 

The  slurry  is  cupelled  from  the  hydraulic  fill  pipelines  through 
the  ends  of  the  pipes  or  through  a  row  of  Intermediate  holes  equipped 
with  slide  valves.  The  holes  are  located  at  3-6  meters  from  one  another. 

The  slurry  Is  transported  to  the  fill  slope  through  wooden  troughs  with 
a  cross  section  of  20  x  30  cm. 

The  ramp  method  of  hydraulic  fill¬ 
ing  has  a  number  of  disadvantages  which 
limits  its  use.  They  Include  the  large 
volume  of  auxiliary  work,  forced  Inter¬ 
ruption  of  hydraulic  filling  operations 
when  the  pulp  pipelines  are  moved  from 
place  to  place,  and  also  the  expenditure 
of  a  considerable  amount  of  construction 
materials. 

The  rampless  method  of  hydraulic 
filling.  In  which  the  slurry  pipelines 
are  laid  out  directly  on  the  surface  of  the  hydraullcked  soil,  eliminat¬ 
ing  thus  the  disadvantages  characteristic  of  the  ramp  hydraullcklng 
method.  Is  more  efficient. 

In  the  rampless  method,  the  slurry  Is  spilled  out  directly  from 
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Fig.  49.  Scheme  of  hydrau¬ 
lic  filling.  1)  Slurry 
pipeline;  2)  shield  fence; 
3)  collecting  ditch;  4)  na¬ 
tural  settler,  a)  River. 


Pi  t  -  y-y  ;  »■  ^ 
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the  end  of  the  pipe.  After  the  specified  soli  layer  has  been  pumped  In, 
the  pipeline  Is  extended  by  a  link  and  a  new  area  Is  filled  by  the  hy- 

* 

draullc  method.  The  filling  process  continues  In  this  sequence  to  the 

i 

end. 

It  Is  very  Important  that  the  hydraulic  filling  process  should  not 
be  Interrupted  when  adding  a  new  pipe  to  the  slurry  pipeline.  When  the 
topography  permits,  the  hydraulic  filling  should  also  continue  In  the 
opposite  direction.  For  this  purpose,  the  Individual  pipes  are  gradual- 

) 

ly  dismantled,  and  the  hydraulic  filling  Is  performed  from  the  end  of 

I  I 

'I 

the  still  assembled  pipe  lying  on  the  surface  of  the  fill. 

f 

\ 

For  Joining  convergence  the  pipes  are  equipped  with  rapid  uncoup¬ 
ling  Joints.  Small  diameter  pipes  are  most  expediently  attached  by  light 
portable  electricity -driven  cranes. 

Windrowing  at  the  hydraulic  fill  area  Is  performed  by  bulldozers  * 

| 

or  by  a  special  worm  windrowing  machine  mounted  on  the  S-80  tractor.  In  \ 
rampless  hydraulic  filling  It  Is  expedient  to  use  an  excavator  with 
crane  and  clamshell  working  equipment  with  a  0.5  meters^  bucket  capaci¬ 
ty. 

Sections  without  water  drainage  are,  prior  to  hydraulic  filling, 

j 

provided  with  ditches  such  as  dug  for  a  temporary  drainage  system,  for 
subsequent  draining  of  water  from  the  body  of  the  fill  away  from  the 
airfield  area  back  into  the  water  reservoir  or  a  settling  basin. 

If  the  soli  Is  homogeneous,  high  fills  are  hydraullcked  by  the 
concentrated  method,  l.e.,  directly  from  the  end  of  the  slurry  pipeline. 
When  hydraulic  filling  simultaneously  from  several  slurry  pipelines, 
care  should  be  taken  that  the  fill  produced  by  slurry  pipelines  laid 
out  over  the  lowest  part  of  the  fill  should  not  overtake  the  fill  prod¬ 
uced  by  other  slurry  pipelines,  since  In  the  opposite  case  quicksand 

1 

sections  may  form,  water  removal  from  which  Is  very  difficult.  Hydt-au- 
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lie  filling  of  nonhomogene ous  soil  Is  performed  by  the  distributed  meth- 
od  through  distributing  holes. 

me  soli  of  the  hydraulically  produced  fill  Is  characterized  by 
Its  high  (tensity;  the  process  of  Increasing  the  density  In  the  hydrau¬ 
lically  produced  fill  Involves  the  removal  from  It  of  excessive  water. 
Sandy  soils  give  up  moisture  rapidly,  and  If  proper  drainage  Is  prov¬ 
ided,  the  process  of  compacting  them  Is  performed  rapidly  (here  the 
soil  density  obtained  Is  even  greater  than  that  In  the  natural  state). 

The  water  removal  process  in  clay  and  dusty  soils  takes  a  long 
time  (sometimes  years),  for  which  reason  these  soils  should  not  be  used 
when  producing  fills  by  the  hydraulic  method. 

20.  CONTROLLING  THE  QUALITY  OF  EXECUTION  OF  EARTH  MOVING  WORK 

During  the  performance  of  earth  moving  operations,  it  Is  necessary 
to  check  the  performance  of  main  operations  for  removal  and  restoration 
of  the  topsoil  layer,  with  respect  to  the  excavation  of  cuts,  clearing 
and  compacting  of  fills  and  grading  operations.  Special  attention 
should  be  paid  to  controlling  the  compacting  quality,  which  Is  the  ma¬ 
jor  factor  ensuring  the  stability  of  pavements  and  of  the  unpaved  part 
of  the  airfield. 

The  quality  of  removal  and  wlndro.:ing  of  the  topsoil  Is  checked  by 
Inspection;  here  It  Is  established  whether  the  topsoil  layer  has  been 
removed  completely  and  whether  It  Is  stored  properly.  If  admixtures  of 
mineral  soil,  tree  roots  and  other  foreign  bodies  are  found  In  the  top¬ 
soil,  the  work  for  removing  it  should  be  stopped  and  the  found  short¬ 
comings  eliminated.  The  thickness  of  the  created  topsoil  layer  Is 
checked  by  test  diggings  (5-10  diggings  are  made  per  1  hectare).  The 
deviation  of  the  topsoil  layer  from  the  design  specification  should  not 
exceed  10 

The  soil  of  cuts  slated  for  placing  In  fills  Is  Inspected  prior  to 
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the  commencement  of  earth  moving  operations. 

The  construction  site  laboratory  determines  the  optimal  moisture 
and  the  required  density  of  the  fill  soil.  The  quality  of  soil  In  the 
base  of  pavements  should  be  especially  thoroughly  checked. 

In  the  process  of  filling  the  fill  the  soil  density  should  be  de¬ 
termined  for  each  filled  layer.  Samples  for  determining  the  specific 
weight  of  the  soil  frame  are  taken  from  each  20  cm  of  depth  of  the 
filled  and  compacted  layer. 

The  following  samples  are  taken  for  determining  the  moisture  con¬ 
tent  :  for  a  layer  thickness  of  up  to  0.5  meters  a  sample  Is  taken  from 
Its  upper  part;  for  a  thickness  of  more  than  0.5  meters  an  additional 
sample  is  also  taken  from  the  middle  part.  Samples  for  moisture  deter¬ 
mination  are  taken  at  the  same  time  with  samples  for  determining  the 
specific  weight  of  the  soil  frame.  A  subsequent  soil  layer  cannot  be 
filled  without  checking  the  degree  of  uniformity  of  compacting  the  pre¬ 
ceding  layer. 

In  filling  of  gulleys  and  holes,  the  quality  of  soil  compacting 

Is  determined  for  each  filled  and  compacted  soil  layer  10  cm  In  thlck- 

o 

ness.  Samples  are  taken  for  each  20  meters  of  a  hole  or  ditch  and  for 
2 

each  50  meters  of  a  gulley. 

The  basic  indicators  for  the  quallt.  of  the  created  airfield  and 
subfoundation  bed  surfaces  are  their  conformance  to  the  design  eleva¬ 
tions  and  grades. 

The  elevations  and  grades  are  checked  by  control-  leveling  passes 
along  the  existing  points  of  the  design  leveling  network.  At  earthmov- 
lng  sections  within  the  limits  of  the  land  area,  the  control  leveling 
lines  are  laid  out  In  two  mutually  perpendicular  direct. or.s  along  points 
removed  from  one  another  by  not  more  than  80  meters,  and  on  the  surface 
of  the  subpavement  bed  they  are  laid  cut  along  all  points  of  the  design 
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leveling  network.  The  deviation  of  elevations  of  the  created  surface 
from  the  design  elevations  should  not  exceed  +4  cm,  and  the  deviation 
of  grades  of  the  subpavement  bed  for  runways  should  not  exceed  +0.002, 
and  for  taxiways  and  aprons  +0.003. 

The  general  direction  of  slopes  should  conform  to  that  established 
by  the  plan  and  should  ensure  free  drainage  of  precipitation.  The  sub- 
pavement  bed  surface  should  not  contain  closed  depressions  in  which  wa¬ 
ter  can  accumulate.  At  the  time  of  earth  coving  operations,  rapid  and 
complete  removal  of  water  should  be  ensured  by  using  temporary  water 
drainage  ditches  using  elements  of  the  [future]  permanent  drainage  net¬ 
work. 

The  level  of  the  airfield  and  subpavecent  beds  is  controlled  by 
special  sighting  devices  and  surveying  rods.  In  checking  with  a  3-meter 
surveying  rod,  the  surface  should  not  contain  irregularities  higher 
than  5  cm  on  the  unpaved  section  and  more  than  3  cm  on  the  subpavement 
bed  bottom. 

The  position  of  the  axis  and  subpavecent  bed  is  checked  by  a  theo¬ 
dolite,  here  the  permissible  deviations  free  the  specifications  should 
not  exceed  15  cm.  The  width  and  length  of  the  bed  is  checked  with  a  me¬ 
tal  measuring  band.  The  permissible  linear  deviations  from  design  spe¬ 
cifications  are  1:1000  for  the  width  and  1:2000  for  the  length. 

A  graded  bed  may  not  be  left  alone  for  longer  than  one  day. 

Earth  moving  operations  at  intermediate  stages  are  received  at  in¬ 
dividual  sections  after  all  earth  moving  operations  have  been  finished, 
including  the  restoration  of  the  topsoil  layer. 

The  following  operations  should  be  verified  in  the  process  of  per¬ 
formance  of  the  earth  moving  work  with  the  participation  of  the  quality 
control  representative  of  the  airport  operating  authority:  removal  of 
low-quality  soil  and  their  replacement  by  stable  soils;  compacting  of 
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each  layer  of  the  fill;  removal  of  topsoil;  restoration  of  topsoil; 
preparation  of  the  fill  site  (loosening,  removal  of  sod,  etc.);  con* 
struct Ion  of  the  subpavement  bed. 

Verification  with  mandatory  participation  of  the  representative  of 

the  airport  operating  authority  Is  also  performed  In  the  execution  of 

additional  earth  moving  operations  not  provided  for  In  the  plan,  for 

example,  when  changing  the  soli  hauling  distance,  correcting  of  damage 

resulting  from  thawing  or  rain  water,  etc. 

Intermediate  acceptance  of  earth  moving  operations  Is  performed  by 

their  types,  given  In  unit  cost  sheets,  once  monthly.  The  delivery  is 

formalized  by  an  act  according  to  the  established  form. 

In  accepting, a  check  Is  made  or  the  grades,  surface  level,  degree 

and  uniformity  of  soil  compaction,  and  also  of  the  thickness  of  the 

topsoil  layer.  The  degree  and  uniformity  of  soil  compaction  Is  checked 

by  the  specific  weight  of  the  soil  frame  not  less  than  In  one -two 

9 

points  per  each  2000-2500  meters  of  the  area  of  the  airfield  layer  and 

2 

each  1000  meters  In  the  subpavement  bed. 

At  fill  section  more  than  1  meter  high  wie  sample  Is  taken  at  the 

fill  surface  and  another  at  a  depth  of  1  meter.  At  fills  up  to  1  meter 

In  height,  the  second  sample  Is  taken  from  the  lowest  fill  layer. 

The  thickness  and  uniformity  of  the  topsoil  layer  Is  checked  by 

measuring  In  test  digging  holes  constructed  In  quantities  of  not  less 

2 

than  5  per  each  1000  meters  of  the  earth  moving  operation  area,  uni¬ 
formly  over  the  entire  area. 

The  acceptance  acts  should  be  supplemented  by  Journals  of  control 
leveling  and  measurements.  Journals  of  all  tests  of  soli  density  per¬ 
formed  In  the  process  of  performance  of  tie  operations  and  also  by 
Journals  of  control  tests  of  soil  density. 
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21.  SAFETY  MEASURES  IX  PERFORMING  EARTH  MOVING  OPERATIONS 

The  variety  of  earth  moving  operations  and  conditions  under  which 
they  are  ;>e "•formed  requires  special  safety  measures. 

Bart*  moving  operations  at  the  present  time  are  completely  mechan¬ 
ised,  for  which  reason  the  safety  measures  reduce  to  proper  operation 
of  the  airport  construction  machines  and  to  measures  for  preventing 
cave-ins  and  slippages  of  soil.  Earth  moving  operations  should  be  Im¬ 
plemented  In  accordance  with  a  previously  established  operational  plan, 
which  provides  for  safe  methods  of  their  execution. 

Earth  digging  machinery  may  be  operated  only  by  persons  which  have 
been  licensed  to  operate  the  corresponding  machines  and  which  have  been 
Instructed  In  safety  measures. 

At  the  time  the  machines  work  all  dangerous  places  should  display 
signs  and  warnings  at  visible  points. 

The  earth  digging  machines  should  be  equipped  with  sound  signal - 
lzatlon  well  known  to  all  workers  In  the  pit.  A  table  with  the  signals 
Is  hung  at  a  visible  point  on  all  earth  digging  machines.  When  working 
with  drawn  equipment,  the  commencement  of  the  tractor's  motion.  Its 
stopping  and  changing  of  Its  motion  should  be  signaled  to  the  worker 
riding  on  the  drawn  machine. 

Standing  between  the  drawn  machine  and  the  pulling  tractor,  walk¬ 
ing  over  the  towing  device  and  standing  on  the  frame,  axles  and  wings 
of  the  tractor  when  the  drawn  machines  are  in  motion.  Is  prohibited. 

The  presence  of  outside  persons  on  operating  earth  digging  machines 
Is  not  permitted. 

The  routes  used  by  earth  digging  machines  and  truck  approach  roads 
should  be  always  maintained  In  a  state  ensuring  safety,  preventing  ac¬ 
cidents,  providing  for  convenience  In  operation  and  high  productivity 
of  equipment. 
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Lubrication,  adjustment  or  any  repairs  and  also  mounting  or  dis¬ 
mounting  from  machines  In  motion  is  prohibited.  It  is  not  permitted  to 
leave  a  machine  with  the  engine  working. 

When  fueling,  smoking  is  prohibited  within  a  radius  of  15  meters. 
After  fueling,  the  tank  should  be  wiped  dry.  The  storage  of  gasoline, 
kerosene  and  other  highly  Inflammable  substances  in  the  cab  of  the  ma¬ 
chine  is  prohibited. 

Operators  and  workers  on  drawn  machines  should  be  dressed  in  work¬ 
ing  clothes  and  should  wear  glasses  to  protect  their  eyes  from  dust. 

When  working  during  the  night,  the  object,  machines,  transporta¬ 
tion  facilities  and  approach  roads  should  be  well  illuminated. 

When  using  scrapers  in  earth  moving  operation^  the  direction  of 
movement  of  loaded  and  empty  scrapers  should  be  established  and  meas¬ 
ures  should  be  taken  to  provide  for  safety  under  the  given  work  condi¬ 
tions. 

The  distance  between  tractor  drawn  scrapers  working  slmul'.aneously 
should  be  not  less  than  20  meters.  A  scraper  Is  permitted  to  work  at 
sections  with  a  longitudinal  grade  of  not  more  than  10°  and  wltn  a 
transverse  grade  of  not  more  than  18°. 

After  Its  work  Is  finished,  the  scraper  should  be  cleared  of  roots 
and  stems. 


When  bulldozer  operations  are  performed.  It  Is  forbidden  to  stand 
in  the  space  between  the  tractor  and  the  blade,  before  their  coming  to 
a  full  stop.  When  the  bulldozer  stops,  the  blade  should  be  lowered  to 

i 

the  ground. 

i 

i 

When  working  on  an  ascending  slope,  care  should  be  taken  that  the 
blade  does  not  dig  into  the  soli.  Work  should  not  be  done  on  ascending 

j  slopes  of  more  than  25-30°  and  on  descending  slopes  of  more  than  35°. 

i 

\  In  order  to  prevent  slipping  down  when  dumping  soli  down  a  slope.  It  Is 
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forbidden  to  move  out  the  bulldozer  blade  outside  the  edge  of  the  slope. 

The  winch  cable  snould  not  be  guided  by  hand  when  winding  It  on  the 
drum.  The  winch  should  not  be  touched  during  operation.  Cables  nay  be 
ln-stalled  only  when  wearing  gloves. 

The  bulldozer  should  be  noved  with  the  winch  shut  off  and  with  the 
blade  raised  over  the  surface  by  not  less  than  0.35  meters ,  and  a  bull¬ 
dozer  with  a  hydraulic  drive  should  move  with  the  pump  shut  off. 

In  performing  grading  operations,  the  grader  operator  should  con¬ 
stantly  hold  the  steering  wheel  and  the  control  levers.  The  grader  is 
turned  around  at  the  end  of  a  section  in  first  gear.  At  the  time  the 
grader  moves  It  Is  categorically  forbidden  to  remove  roots  and  stones 
from  under  the  kxilfe,  and  also  to  sit  on  the  axles  and  frame  of  the  ma¬ 
chine. 

If  earth  Is  moved  by  blasting,  then  the  Uniform  Safety  Rules  in 
the  performance  of  blasting  operations  must  be  followed. 
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Chapter  3 

CONSTRUCTION  OF  THE  WATER  DRAINAGE  NETWORK 
22.  GENERAL  INFORMATION 

The  Mater  drainage  network  serves  for  collecting  and  draining 
away  surface  and  ground  water  from  the  lavements  and  the  flying  field 
from  the  limits  of  the  airfield.  The  drainage  system  ensures  stability 
of  the  soil  and  pavements  of  the  flying  field  and  also  creates  normal 
conditions  for  the  development  of  sod-produclng  grass. 

The  construction  of  the  drainage  network  elements  (Fig.  50)  and 
Its  location  in  the  plan  are  determined  by  the  airfield  design  plan  de¬ 
pending  on  local  conditions. 

The  most  characteristic  and  frequently  encountered  kind  of  dewater¬ 
ing  operations  Is  the  construction  of  water  drainage  lines,  ensuring 
the  Interception  and  drainage  of  surface  or  ground  water  from  pavements 
in  conjunction  with  this,  these  operations  are  considered  In  more  de¬ 
tail. 

The  construction  of  the  drainage  network  includes:  preparatory 
work,  opening  of  trenches,  ditches,  bracing  them,  discharging  and  lo¬ 
wering  the  level  of  water,  construction  of  hydraulic  installations  on 
the  drainage  network,  constructing  pipeline  foundations,  laying  of 
pipes  and  sealing  of  Joints,  checking  the  watertightness  of  pipes  and 
Joints,  backfilling  the  trenches,  constructing  water-discharge  wells, 
drains  and  other  operations. 

In  the  process  of  constructing  the  drainage  network,  daily  checks 
must  be  made  of  all  kinds  of  operations.  In  addition  to  the  dally 
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checks,  all  finished  elements  or  sections  of  the  network  to  be  covered 
over  by  subsequent  operations  should  bo  Inspected  and  accepted  by  the 
quality  control  representatives  of  the  ordering  organization,  which  In¬ 
cludes  drawing  up  of  acts  for  work  subsequently  covered  over  according 
to  the  typical  form. 

Succeeding  operations  may  be  pe~  formed  only  after  the  preceding 
covered  over  elements  were  accepted,  the  quality  of  the  materials  used 
checked  and  shortcomings  ellmlmted,  since  the  stability,  strength  and 
long  service  life  of  the  entire  drainage  system  and  the  time  it  will  be 
In  operation  depends  on  the  quality  of  the  work  which  Is  perforated. 

23.  PREPARATORY  OPERATIONS 

Preparatory  operations  In  the  construction  of  the  drainage  network 
consist  In  marking  out  the  network,  clearing  Its  route,  staking  opera¬ 
tions,  constructing  a  temporary  drainage  system,  accepting  and  distrib¬ 
uting  pipes  and  materials  along  the  route. 


Pig.  50.  Elements  of  a  water  draining  network.  1)  Sewer;  2)  blind  cham¬ 
ber;  3)  connection  to  the  subshculder  drain;  4)  drainpipe  from  covered 
gutter;  5)  subshoulder  drain;  6)  drain  of  the  covered  gutter;  7)  cov¬ 
ered  gutter;  8)  runway  pavement;  9)  catch  basin;  10)  drainpipe  from 
catch  basin  Into  the  sewer;  11)  macademlzed  soil  shoulder;  12)  access 
gulley;  13)  drainpipe  from  drainage  Inlet;  14)  macadam  side  p-^h;  15) 
drainage  Inlet. 

The  network  Is  marked  out  on  the  basis  of  the  stacking  out  drawing 
and  the  longitudinal  profiles  of  the  network.  Instrument  marking  of  the 
axes  of  the  drainage  network  route  Is  performed  In  conformance  with  the 
following  requirements: 

temporary  monuments,  connected  by  leveling  lines  with  permanent 
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the  restored  axes,  and  turning  angles  of  the  route  should  be  as¬ 
signed  and  connected  to  permanent  monuments  or  objects  for  the  entire 
duration  of  the  construction; 

the  Intersections  of  the  route  with  existing  structures  should  be 
noted  by  noticeable  signs  on  the  surface; 

the  setting  out  of  the  route  and  staking  out  the  network  should  be 
formalized  by  an  act  supplemented  by  records  of  the  monuments  and  ref¬ 
erences. 

The  water  drainage  network  is  restored  and  set  out  starting  from 
the  discharge  toward  the  starting  point. 

In  setting  out  for  earth  moving  operations  for  laying  the  pipeline, 
the  centers  of  turning  point.  Junction  point,  initial  and  final  access 
gulleys  are  located  first. 

The  centers  of  gulleys  are  located  according  to  references  to  the 
edges  of  the  runway,  taxiway  and  aprcn  pavements,  or  to  permanent  monu¬ 
ments,  which  are  given  by  the  plan. 

A  theodolite  Is  used  to  set  out  the  axis  of  the  future  trench  be¬ 
tween  the  centers  of  the  turning  point  access  gulleys.  Then  the  centers 

| 

of  the  Intermediate  gulleys  are  found,  for  which  purpose  corresponding 
distances  from  turning  point  and  Junction  point  gulleys,  given  by  the 
setting  out  irawlng,  are  laid  off  on  the  trench  axis.  The  centers  of 
the  Intermediate  gulleys  are  also  staked  out.  All  the  marked  off  points 
are  referenced  to  temporary  mor.ur.er.ts,  numbered  according  to  the  stak¬ 
ing  plan  and  leveled. 

Before  establishing  the  boundaries  of  the  trench  and  ditch  digging 

j 

operations,  strips  10-15  meters  wide  are  cleared  of  brushwood  stones, 

!  stumps  and  topsoil.  If  this  Is  necessary.  Together  with  digging  of 

| 

trenches  by  multibucket  or  revolving  shovel  excavators  the  surface  Is 
graded  to  the  width  of  the  wheelbase  of  the  excavator  to  ensure  obtain- 


lng  the  design  profile  of  the  trench  bottom.  The  topsoil  removal  and 
grading  of  the  surface  Is  performed  by  bulldozers,  scrapers  or  graders. 

After  the  strip  has  been  cleared  and  graded  the  axis  of  the  route 
Is  restored  again  by  placing  on  It  marking  stakes,  at  straight  sections 
each  10  meters,  and  5  meters  each  at  curved  sections.  Further,  the 
boundaries  ot  pits  for  access  gulleys,  and  the  boundaries  of  trenches 
and  ditches  are  staked  out  at  the  locality.  For  this  purpose  nalfwldths 
of  trenches  or  ditches  are  measured  off  from  the  staked  out  axis  of  the 
route  at  right  angles.  The  boundaries  of  future  cuts  thus  obtained  are 
marked  by  stakes  placed  at  every  20  meters,  with  a  thin  wire  or  twine 
stretched  between  them,  which  Is  used  as  a  guideline  In  marking  out  a 
small  furrow. 

If  the  trenches  will  be  dug  by  multibucket  excavators,  then  the 
path  of  one  crawler  or  one  tractor  axles  Is  marked  off.  Instead  of  the 
boundaries.  In  staking  out  a  trench  with  slopes  It  should  be  taken  Into 
account  that  Its  width  at  the  top  changes  depending  on  the  depth. 

In  the  case  of  access  gulleys  at  the  points  where  the  longitudinal 
prof lie  changes  direction  and  at  each  stake,  pegs  (points)  which  are 
subsequently  used  for  leveling  are  driven  in  flush  with  the  ground  along 
one  edge  of  the  trench  before  It  Is  dug.  After  leveling,  working  ele¬ 
vations  are  recorded  on  posts  driven  In  together  with  the  points. 

Temporary  working  monuments  are  staked  out  along  the  route  for 
checking  purposes  during  the  time  the  operations  are  performed.  The  ax¬ 
is  and  the  turning  angles  of  ghe  route  are  also  located  by  temporary 
monuments.  The  fence  Is  put  In  after  mechanized  digging  of  the  trench. 

The  trenches  of  the  drainage  network  should  be  dug  after  the  sec¬ 
tion  under  construction  Is  supplied  with  pipes,  materials  ar.d  fixtures 
needed  for  the  laying  and  assembly  of  the  pipes. 

The  pipes  of  the  drainage  network  should  be  supplied  to  the  con- 


struct ion  site  with  a  nameplate  or  certificate  froa  the  producing  plant. 
The  quality  of  the  pipes  should  conform  to  GOST  requirements.  Before 
being  distributed  along  the  route,  the  pipes  are  additionally  inspected 
by  the  director  of  operations  and  by  the  quality  control  representative. 
It  is  forbidden  to  distribute  along  the  route  and  to  lay  out  In  the 
network  pipes  and  products  which  were  found  defective. 

Concrete  and  reinforced  concrete  smooth  pipes  which  are  produced 
at  the  construction  site  or,  by  agreement,  at  plants,  are  subjected  to 
mandatory  strength  and  watertightness  tests.  The  results  of  pipe  tests 
are  recorded  in  an  act  of  the  established  form  with  a  detailed  record 
of  all  testing  procedures.  Deviations  from  the  Internal  diameter  sizes 
of  pipes,  wall  thickness  and  other  quantities  should  not  exceed  toler¬ 
ances  established  by  tne  applicable  technical  specifications  for  these 
products. 

Reinforced  concrete  and  ceramic  pipes  with  bell  and  spigot  Joints 
are  tested  for  strength  and  watertightness.  Pipes  with  cracks  make  a 
hollow  sound  when  hit  and  they  may  not  be  laid  out  In  the  network. 

Asbestos-cement,  ceramic  and  reinforced  concrete  pipes  of  great 
length  are  distributed  by  side  panel  trucks  are  tractor-drawn  trailers, 
equipped  with  wooden  bases  with  oval  notches  cut  out  in  them,  in  which 
the  pipes  are  placed.  Rubber  shock  absorbers  should  be  placed  between 
the  pipes  and  their  supports.  Extreme  care  must  be  taken  In  loading, 
unloading  and  transporting  of  the  pipes,  since  carelessness  results  In 
the  formation  In  the  pipes  of  microcracks,  which  are  not  visible  with 
the  naked  eye. 

Concrete  and  reinforced  concrete  pipes  (segments)  up  to  1  meter 
long  are  transported  by  placing  them  In  the  vertical  position.  Pipes 
are  handled  by  handling  clamps  (Fig.  51).  When  pipes  are  transported  in 
the  vertical  position  It  Is  recommended  that  the  bottom  of  the  bc.'y  be 
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first  covered  by  a  layer  cf  sawdust,  covered  by  mat j  or  straw.  Wooden 
inserts  are  placed  between  rows  of  pipes.  Depending  on  their  weight, 

the  pipes  can  be  loaded  and  unloaded  by  truck 
cranes,  self-propelled  loaders  or  by  a  tractor 
driven  cranes.  The  pipes  must  not  be  hit  In  any 
way  In  loading,  transportation  or  loading,  neither 
■ay  they  be  dropped  from  any  height. 

24.  DIGGING  OP  TRENCHES 

Trenches  for  sewers,  collectors,  intercept¬ 
ing  drains  and  drains  oust  be  dug  In  the  direc¬ 
tion  frco  the  outlet  to  the  inlets  of  the  drain¬ 
age  system,  In  order  to  ensure  free  flow  of  sur¬ 
face  and  ground  water  which  are  flowing  Into  open 
trenches. 

When  pipes  are  laid  on  artificial  founda¬ 
tions,  trenches  are  dug  to  the  full  design  depth. 
When  pipelines  are  laid  out  directly  In  the 
ground  the  trenches  are  dug  to  a  depth  smaller  than  the  design  eleva¬ 
tion  by  1/4  the  diameter  of  the  pipes  being  laid.  In  this  case,  the 
bottom  of  the  trench  Is  brought  up  to  the  design  elevations  directly 
before  the  laying  of  the  pipes.  In  rocky  soils,  when  final  clearing  of 
the  trench  bottoms  for  ensuring  solid  support  for  the  pipes  Is  difficult. 
It  Is  permitted  to  dig  trenches  to  10-15  cm  lower  than  the  design  eleva¬ 
tion  under  the  condition  that  an  artificial  foundation  of  sand,  gravel 
or  crushed  rocks  will  be  constructed. 

Trenches  for  constru  ting  drainage  networks  within  the  limits  of 
the  airport  and  road  surfaces,  and  also  at  the  flying  field  should  be 
dug  to  minimum  size,  so  a  to  ensure  mechanical  strength  of  the  pipe¬ 
lines  being  constructed  when  these  will  be  subjected  to  moving  loads. 


Fig.  51.  Pipe 
handling  clasps. 
1)  Loop;  2)  ex¬ 
pansion  screw; 

3)  aims;  4)  hing¬ 
es;  5)  holders. 
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For  this  reason  the  trenches  are  dug  with  horizontal  walls,  and  wall 
bracing  Is  Installed  if  necessary.  Sloping  trenches  are  dug  In  laying 
out  the  network  outside  of  the  Halts  of  the  flying  field. 

The  greatest  allowable  grades  (ratio  of  the  slope  height  to  Its 
base)  of  trench  slopes  In  naturally  moist  soil  and  In  the  absence  of 
ground  water  Is  the  following: 

For  a  trench  depth 
up  to  3  meters  more  than  3  meters 


Fill  soil,  sand,  gravel 

1:1.25 

1:1.5 

Sand  loam 

1:0.67 

1:1.0 

Argillaceous  soil 

1:0.67 

1:0.75 

Clay 

1:0.5 

1:0.67 

If  the  upper  part  of  deep  trenches  passes  through  stable  soil  and 
the  lower  part  passes  through  weak  water  bearing  soil,  then  the  upper 
part  of  trenches  In  all  cases  can  be  dug  with  a  slope  and  the  lower 
part,  starting  with  the  level  of  ground  water,  with  horizontal,  braced 
walls. 

The  width  of  the  trench  at  the  bottom  "In  the  clear, "l.e.,  between 
the  bracking  boards  or  between  the  bases  of  the  slopes,  for  sewers  and 
collectors  Is  established  by  the  plan  depending  on  the  outside  diameter 
of  the  pipes  being  laid,  so  that  even  space  remains  at  the  sides  for 
laying  the  pipes  and  sealing  the  Joints. 

In  the  absence  of  design  data,  the  width  of  tr  nches  at  the  bottom 
*s  taken  approximately  as  0.8  meters  more  than  the  diameter  of  the  pipe 
for  pipes  up  to  500  mm  In  diameter,  and  by  1.2  meters  wider  than  the 
diameter  for  pipes  more  than  500  mm  In  diameter. 

If  the  trench  walls  are  braced,  then  for  depths  up  to  3  meters  the 
width  at  the  bottom  is  determined  by  adding  0.1  meters  for  the  bracing. 
When  the  bracing  Is  made  In  the  form  of  a  sheet  pile,  the  width  of  the 
trench  Is  increased  by  0.4  meters.  In  trenches  deeper  than  3  meters. 
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0.2  meters  are  added  for  each  Deter  of  depth  of  standard  bracing. 

Special  attention  to  trench  dimensions  must  be  paid  In  constructing 
Intercepting  drains  and  drains.  In  order  to  prevent  excessive  use  of 
expensive  draining  material  In  constructing  them.  The  minimal  width  of 
a  trench  along  the  bottcm  for  pipe  drains  Is  taken  as  0.4  meters  more 
than  the  diameter  of  the  pipes  being  laid,  and  for  pipe  Intercepting 
drains  It  Is  taken  as  0.2  meters  more. 

Depending  on  the  category  of  the  soil  and  the  dimensions,  trenches 
are  dug  by  multlbucket  trench  excavators,  single  bucket  excavators, 
trenchers  and  graders. 

The  technical  characteristics  of  chain  and  revolving -bucket  trench 
excavators  are  given  In  Table  20. 

TABLE  20 
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3TH-123  f 
3TH-I41  T 
3TH*l43f 
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3TH-3S2  1 

imy-x* 

9TH*I7I 

10 

3M  13 
34M  ts 
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)  l.» 
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1.40 
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0.30 

0,5  him  0.4 
0,2  mih  0.4 
0.43 
0.43 

0.00-1. 10 
0.00-  1.80 
0.80-1.10 
0.80  1,10 
0.30 
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0.705 

1.175 

3.46 

3.03 

3.05 

3.05 
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flpmii##* 

JSUJIS* 

aecta. 


0.85  3.99-7.90 

-  4.50-12.95 

-  0.32-22.3 

-  3.59-7,9* 

-  4.94-8,88 

1.50  1,90—1.05 

1.93  1.70-4.18 

1.85  1.80-4.20 

1.85  1.0-9.20 

-  0.96-4.95 

tSIllYOpU 

-  1.50-6.40 

-  2.25—9.05 

-  3.20  9.40 

-  3.39  7.9* 

-  2.55—9.05 


YA 

321 

5fri 

185 

10-420 


1)  Type  of  trench  excavator;  2)  greatest  digging  depth,  meters;  3) 
width  of  trenches  at  the  bottom;  4)  overlap  of  conveyor  belt  from  the 
excavator  exit,  meters;  5)  distance  from  the  end  of  conveyor  belt  to 
the  ground;  6)  road  speed,  kllometers/hour;  7)  productivity,  meters3/ 
/hour;  8)  chain  trench  excavators;  9)  ET:  10)  ETN;  11)  ETU;  12)  revolv¬ 
ing-bucket  trench  excavators;  13)  ER;  14)  ETR. 


Chain-type  trench  excavators  are  efficient  when  operating  In  I-III 
category  soils  not  containing  large  stones. 

The  ETN -122  and  ETN -123  excavators  are  installed  on  the  MTZ-5L 
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Fig.  52.  The  ETN-141  trench  excavator.  1)  Intermediate  reducing  unit;  2) 
mechanism  for  raising  and  lowering  the  working  equipment;  3)  chain 
drive  for  the  working  equipment;  4)  drive  mechanisms;  5)  bucket;  6) 
bucket  chain;  7)  conveyer  belt;  8)  Inclinometer. 

"Belarus"  wheeled  tractor  which  has  high  maneuverability  and  road  speed. 
In  addition,  these  excavators  are  equipped  with  a  blade  which  makes  It 
possible  to  use  them  In  grading  and  filling  of  trenches. 

Excavators  ETN-141  and  ETN-142  used  for  digging  trenches  with  a 
specified  slope,  are  equipped  with  a  special  instrument  —  an  inclino¬ 
meter,  for  giving  the  slope  of  the  trench  bottom  (Fig.  52). 

The  inclinometer  is  suspended  from  the  frame  of  the  working  ele- 
nr.nt  which,  in  the  presence  of  a  load,  ensures  horizontal  position  of 
the  Instrument  regardless  of  the  excavator  position.  As  the  excavator 
works,  the  instrument's  hand  slides  along  a  guiding  wire,  which  Is 
stretched  on  special  metal  stakes  along  the  trench  route  at  an  angle 
corresponding  to  the  slope  of  the  trench  bottom. 

The  ETU-353  trench  excavator  (Fig.  53)  can  be  used  for  digging 
trenches  with  a  rectangular  and  stepped  profile  (Fig.  54).  The  excava- 
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tor  has  three  kinds  of  changeable  equipment  which  makes  it  possible  to 
use  it  in  digging  trenches  of  different  depth.  Using  the  basic  equip¬ 
ment  ,  the  excavator  digs  trenches  with 
vertical  walls  up  to  2.5  meters  in  depth 
and  when  provided  for  the  second  kind  of 
changeable  equipment,  it  can  dig  to  a 
depth  of  5.5  meters,  the  trench  width 
in  both  cases  being  0.8-1. 1  meters.  To 
dig  trenches  in  weak  and  noncohesive 
soil,  in  which  stable  vertical  walls 
cannot  be  obtained,  transverse  augers 
are  mounted  on  the  bucket  frame  of  the 
ETU-353  excavator  (see  Fig.  53)*  When 
digging  trenches  under  winter  conditions 
changeable  equipment  with  cutters  and 
wedges  are  Installed  on  the  excavator  for  working  in  frozen  soil. 

The  ETN-171  trench  excavator  Is  equipped  with  a  device  for  laying 
of  draining  pipes  and  with  a  device  for  automatic  adjustment  of  the 
trench  bottom  slope. 

The  ETN-351  excavator  (Fig.  55)  is  extensively  used  for  digging 
rectangular  profile  trenches  up  to  3*5  meters  deep. 

The  revolving  bucket  trench  excavators  are  more  productive  than 
the  chain-type  excavators  due  to  the  high  speed  at  which  they  dig  the 
soil. 

The  ER-4  excavator  serves  for  digging  trenches  In  frozen  soil  with 
a  freezing  depth  up  to  0.5-1. 5  meters. 

It  should  be  remembered  that  the  majority  of  multibucket  excava¬ 
tors  dig  ditches  with  a  constant  depth,  exactly  following  the  topogra¬ 
phy  of  the  site,  rather  than  following  the  working  elevations  of  the 


Pig.  53.  The  ETU-353  ex 
cavator  in  operation. 


•  Pig.  5^*  Profiles  of  trenche-s  dug  by  the 

j  ETU-353  excavator,  a)  For  a  trench  depth 

j  of  2.5  meters;  b)  for  a  trench  depth  of 

|  3*5  meters. 

I 

longitudinal  profile.  For  this  reason.  Irregularities  at  the  surface 
are  reproduced  at  the  trench  bottom.  Manual  finishing  of  the  trench 
bottom  after  the  excavator  pass  Is  very  labor  consuming  in  this  case, 
especially  In  difficult  clay  soli  and  after  rainfall. 

Trenches  should  be  protested  from  flooding  and  erosion  by  surface 
water  by  a  windrow  made  from  excavated  soil,  placed  from  the  raised 
side  at  a  distance  not  less  than  0.5  meters  from  the  trench  edge.  The 
second,  lower  side  serves  as  the  place  for  performing  pipe  laying  work 
and  constructing  approach  roads.  If  necessary,  fencing.  Intercepting 
ditches  and  windrows,  etc.,  are  also  constructed  for  temporary  drainage. 

In  order  to  prevent  cave-ins,  excavating  of  trenches  with  vertical 
walls  should  not  precede  pipe  laying  by  more  than  3  days. 

The  trenches  are  widened  at  the  location  of  access  gulleys  by  a 
trench  excavator  In  a  direction  perpendicular  to  the  main  trench  (by 
digging  a  short  trench  section). 

Single  bucket  excavators  are  used  for  digging  large -dime ns Ion 
trenches.  Excavators  on  pneumatic  tires,  equipped  with  a  trench  hoe  are 
most  convenient  and  maneuverable  In  the  digging  of  ditches.  The  trench 
hoe  excavators  dig  the  soli  below  the  level  at  which  they  stand  and 
j  move  along  the  trench  axis,  moving  the  soil  Into  a  windrow  to  one  of 
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Fig.  55*  Digging  trenches  by  the  ETN-351  multibucket  excavator,  a)  Sec¬ 
tion  along  the  trench  axis;  b)  plan  view  of  the  trench.  1)  Sliding  lad¬ 
ders;  2)  board  shields;  3)  sight  rail  pole;  4)  sight  rail  barrier;  5) 
shield  placed  for  placing  of  ladder-type  braces;  o)  shelf-girder. 

Trenches  should  be  dug  by  trench  hoe  excavators  in  accordance  with 
the  end  face  system,  in  horizontal  layers  from  the  edges  to  the  middle, 
which  ensures  good  visibility  of  the  pit  and  makes  it  impossible  to  dig 
deeper  or  make  greater  slopes  than  necessary,  and  as  a  whole,  increases 
the  excavatoi%  productivity.  At  the  same  time,  when  the  trench  is  dug, 
the  excavator  makes  it  wider  where  necessary  for  the  foundation  pit  of 
the  access  gulley. 

Plow-type  ditchers  are  used  for  digging  of  trenches  for  intercep¬ 
tor  drains  and  drains  up  to  1  meter  deep,  and  also  for  temporary  drain¬ 
ing  of  the  construction  sl'.e. 

After  the  trench  has  been  dug  by  machines,  sight  rails  are  placed 
at  the  locations  of  access  gulleys,  at  the  points  where  the  longitudi¬ 
nal  profile  changes  direction  and  at  straight  sections  not  more  than 
25-30  meters  apart,  which  serve  for  checking  the  work  being  done  and 
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and  to  facilitate  its  performance. 


\  Pig.  56.  Placing  of  sight  rails  and  ranging  rods.  1)  Nail;  2)  ranging 
\  rod;  3/  plumb  line;  4)  twine  or  wire  (alignment  rope);  5)  siguting  line; 
I  6)  sight  rails;  7)  portable  ranging  rod;  8)  shelf-girder,  a)  Meters;  b) 
f  access  gulley  gutter  level. 

I  . 

Permanent  ranging  rods  of  two  adjacent  sight  rails  are  placed  in 

I 

a  manner  such  that  the  distance  between  the  tops  of  the  ranging  rods 
and  the  pipe  gutter  be  the  same.  The  length  of  the  movable  ranging  rod 

) 

for  the  laying  of  pipes  should  be  equal  to  this  distance.  By  placing 
the  movable  ranging  rod,  for  earth  moving  operations,  at  any  point  be¬ 
tween  two  neighboring  sight  rails,  the  three  ranging  rods  (two  perman¬ 
ent  and  one  movable)  are  used  for  checking  the  width  of  the  trench, 
while  the  movable  ranging  rod  for  pipe  laying  is  used  for  checking  the 
position  of  the  gutter  and  the  top  of  the  pipe  in  the  vertical  plane. 

To  facilitate  the  sighting,  the  permanent  ranging  rod  is  placed 
not  more  than  1.5  meters  above  the  ground  surface.  A  shelf-girder,  the 
elevation  of  whose  upper  surface  is  established  by  leveling,  is  fas¬ 
tened  to  the  board  of  the  sight  rail  at  the  bottom,  after  which  is  cal- 

I 

i  culated  the  vertical  distance  from  the  shelf  to  the  top  of  the  perman- 

| 

ent  ranging  rod;  this  distance  is  equal  to  the  difference  between  the 
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height  of  the  movable  ranging  rod  and  the  distance  between  the  pipe 
butter  to  the  shelf.  A  13*15  cm  long  nail  Is  driven  Into  the  upper  beam 
of  the  sight  rail  exactly  along  the  sewer  axis  (see  Fig.  56). 

An  alignment  wire  Is  stretched  between  the  center  nails  of  the 
sight  rails,  thus  making  It  possible,  by  using  a  plumb  line,  to  trans¬ 
fer  the  direction  of  the  sewer  axis  to  any  point  on  the  surface  or  on 
the  trench  bottom. 

Sight  rails  of  access  gulley  s  are  placed  on  both  sides  at  a  dis¬ 
tance  of  1.5-2  meters  from  the  access  gulley  center  from  the  lower  and 
upper  sides.  The  sight  rails  are  used  for  determining  the  position  of 
the  water  drainage  trench  during  the  earth  moving  operations,  construc¬ 
tion  of  access  gulleys  and  foundations  for  pipes,  and  also  In  laying  of 
pipes. 

25.  CONSTRUCTION  OF  TRENCH  BRACINGS 

In  order  to  avoid  cave-ins  In  digging  of  trenches  with  vertical 
walls,  safety  rules  provide  for  constructing  special  bracings  on  the 
following  soils: 

1)  Sand  and  gravel  with  natural  moisture  starting  with  a  depth  of 
more  than  1  meter; 

2)  Naturally  moist  sand  loam  and  clay  starting  with  a  depth  of 
more  than  1.25  meters; 

3)  Clay  and  argillaceous  with  a  low  moisture  content  starting  with 
a  depth  of  more  than  1.5  meters; 

4)  Specially  dense  dry  clay  starting  with  a  depth  of  more  than  2 
meters. 

Overmoist  sand,  loam  and  loose  soli  may  not  be  excavated  with  ver¬ 
tical  walls  without  bracing.  The  trenches  s..ould  be  braced  Immediately 
after  they  are  dug  In  conformance  with  safety  rules.  Depending  on  the 
soli  properties,  the  width  and  depth  of  the  trenches  and  also  on  the 


character  with  which  the  boards  or  girders  are  placed  along  the  vertl- 
cal  trench  wall,  use  Is  made  of  horizontal,  vertical  :.nd  sheet  pile 
(Fig.  57)  bracing. 

Horizontal  bracing  of  trench  walls  Is  used  for  cohesive,  nonfree- 
flowlng  soli  with  standard  moisture  (Fig.  57a). 

Vertical  continuous  bracing  Is  used  In  overmolst  soil  and  also  In 
free-flowing  soli  (Fig.  57b). 


Fig.  57.  Types  of  trench  bracings  by  the  character  of  board  placement 
In  the  vertical  wall  (a,  b,  and  c)  and  by  the  character  of  elements 
supporting  the  supports  and  girders  (d  and  e).  a)  Horizontal;  b)  verti¬ 
cal;  c)  sheet  pile;  d)  thrust;  e)  anchor,  l)  Boards;  2)  supports;  3) 
thrust  beams;  k)  stays  (anchors). 

The  pile  sheet  bracing  (Fig.  57c)  Is  used  when  laying  pipelines 
Ir.  quicksand  and,  when  the  inflow  of  ground  water  Is  strong.  Usually 
the  pile  Is  driven  to  a  depth  of  50-75  cm  below  the  trench  bottom.  The 
digging  of  the  trench  begins  after  the  pile  fence  has  been  driven  In. 

A  distinction  Is  made  between  two  types  of  bracings  by  the  charac¬ 
ter  of  placing  the  elements  supporting  the  supports  and  girders: 

1)  thrust,  when  the  supports  cr  plies  are  supported  by  horizontal 
thrust  beams  (Fig.  57d); 

2)  anchor,  when  the  plies  are  supported  by  anchors;  here  It  be- 
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coves  unnecessary  to  place  thrust  beams  within  the  trench  (Fig.  57e  )• 

In  the  practice  of  drainage  network  construction  at  airports,  ex¬ 
tensive  use  Is  avde  of  horizontal  and  vertical  bracings  with  thrust 
beams.  Anchor  fastening  can  be  used  when  the  trench  width  exceeds  the 
length  of  standard  reinforcements,  or  when  laying  very  long  pipes,  when 
the  thrust  beams  Interfere  with  the  laying  operation. 

Up  to  the  last  few  years  In  constructing  the  drainage  network  at 
airports  vertical  trench  walls  were  reinforced  by  ordinary  wooden  brac¬ 
ings,  which  has  resulted  In  the  use  of  a  large  amount  of  timber,  which 
most  of  the  time  cannot  be  reused. 

Better  kinds  of  trench  bracings  are  the  standard  metal  reinforce¬ 
ments.  The  following  are  the  types  of  standard  bracings  and  the  fields 
of  their  use: 

Standard  thrust  beam  designed 
by  the  Mospodzemstroy 

Standard  bracings  designed 
by  the  NIIOMS 

Standard  bracings  designed 
by  the  Transvodstroy 


Standard  bracings  designed 
by  the  VNIIGS 

Standard  bracings  designed 
by  the  Yuzhspetsstroy 

All  the  enumerated  standard  bracings  made  are  produced  from  work- 


for  trenches  up  to  2  meters  deep  and 
0.8-1. 2  meters  wide  (horizontal 
bracing  with  spaces  the  width  of  a 
board) 

Continuous  horizontal  bracing,  used 
for  trench  depths  up  to  4  meters 
and  width  up  to  2  meters  (additions 
are  possible) 

Continuous  horizontal  bracing,  used 
for  trench  depths  up  to  3  meters 
and  widths  up  to  1.8  meters  (for 
a  comparatively  constant  trench 
depth) 

Continuous  vertical  bracing,  used  In 
sandy  and  free-flowing  soli  and  In 
overmoist  soli  in  trenches  2-4.5 
meters  deep  and  0.6-1. 5  meters  wide 
Used  for  trenches  2.1  meters  deep 
and  0.76-2.0  meters  wide  (continu¬ 
ous  horizontal  bracing) 


160 


ing  drawings  In  the  workshops  of  construction  organizations.  The  cost 
of  standard  bracings  Is  by  a  factor  of  3-&  lower  than  the  eost  of  or¬ 
dinary  wooden  bracing. 

26.  DRAINING  THE  WATER  AND  LOWERING  ITS  LEVEL 

Ground  or  surface  water  is  usually  removed  by  open  drainage. 

The  ground  water  level  can  also  be  lowered  artificially,  before 
the  trenches  are  finished,  by  using  special  well  points. 

In  open  drainage,  the  surface  or  ground  water  flowing  Into  a  ditch 
Is,  by  temporary  ditches  and  gutters,  collected  Into  receivers,  from 
which  It  Is  pumped  out  by  all  kinds  of  pumps.  Ditches  are  dug  along  the 
walls  of  the  dug  ditches  and  the  receivers  are  dug  at  the  locations  of 
the  access  gulley  pits  (the  depth  of  the  ditches  Is  15-20  cm;  the  dimen¬ 
sions  of  the  receivers  In  the  plane  Is  not  more  than  80  x  80  cm,  the 
depth  Is  up  to  100  cm).  The  walls  of  the  receivers  are  braced  by  a  bot¬ 
tomless  wooden  box,  and  of  channels  -  by  a  wooden  trough. 

Dlaphragjn,  reciprocating  and  centrlfuga'  pumps  are  used  for  open 
drainage.  The  diaphragm  pumps  are  most  frequently  used  when  the  water 
Inflow  Is  low.  They  are  simple  In  operation  and  can  pump  out  highly 
soiled  water  from  a  depth  up  to  5  meters.  The  basic  disadvantage  of 
diaphragm  pumps  Is  their  small  delivery  (18-45  meters^/hour).  When  the 
work  volume  Is  small,  use  can  be  made  of  reciprocating  pumps  with  a  de¬ 
livery  of  15-20  metersVhour. 

Centrifugal  pumps  with  deliveries  from  14.5  to  360  meter..^/hour 
are  extensively  used  for  open  drainage.  Centrifugal  pumps  can  deliver 
water  to  large  heights.  The  disadvantage  of  centrifugal  pumps  is  the 
fact  that  before  they  are  started  up  the  Intake  pipe  must  be  filled 
with  water,  and  Its  end  must  be  provided  by  a  filter. 

The  automatic  intake  C- 204  centrifugal  pump  has  proved  Itself  well 
In  use.  It  can  take  in  contaminated  water  and  does  not  require  second- 
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ary  filling  with  water  once  it  has  been  started.  The  pump  is  Installed 
together  with  the  electric  motor  on  one  cart,  which  can  be  towed  by  any 
truck.  The  weight  of  the  pump  Is  up  to  5^0  kg,  the  delivery  Is  120  me¬ 
ters/hour,  and  the  suction  head  Is  6  meters. 

When  ground  water  Is  present.  It  Is  better  to  organize  drainage  of 
water  by  constructing  the  drainage  system  of  gravel  or  crushed  stone  at 
the  bottom  of  the  trench.  This  drainage  system  Is  at  the  same  time  also 
the  artificial  foundation  for  the  pipes  being  laid.  When  the  ground  wa¬ 
ter  inflow  Is  high,  a  pipe-type  water  collecting  draining  system,  which 
removes  the  water  into  receivers,  from  which  It  Is  pumped  out  before 
all  pipeline  construction  operations  are  over,  is  laid  In  the  filtering 
material  layer  on  one  side  of  the  trench  bottom. 

The  ground  water  level  Is  artificially  lowered  In  the  case  when 
Intensive  pumping  by  the  open  method  for  a  large  Inflow  of  ground  water 
can  result  In  the  washing  out  of  small  soil  particles  which  will  de¬ 
stroy  Its  structure  In  the  water  drainage  system  foundation. 

Artificial  lowering  of  the  ground  water  level  by  the  use  of  well 
point  Installations  and  pipe-lined  wells  with  depth  centrifugal  pumps 
has  great  advantages  over  the  open  drainage.  In  this  case,  the  earth 
moving  and  pipe-laying  operations  are  performed  In  dry  soil  with  ordin¬ 
ary,  simple  standard  bracing  and  without  bracing  of  the  trench  walls. 

The  water-level  lowering  wells  are  placed  along  the  trench,  as  a 
rule,  at  one  side.  The  well  point  Installation  consists  of  a  centrifu¬ 
gal  pump.  Intake  sewer  and  a  number  of  well  points  connected  to  the  In¬ 
take  sewer  and  located  along  the  trench.  The  distance  between  the  wells 
Is  determined  depending  on  the  soli  properties  and  on  the  depth  to 
which  It  Is  necessary  to  lower  the  ground  water  level.  In  weakly  per¬ 
meable  soils  and,  when  the  water  level  Is  to  be  lowered  up  to  4.5  me¬ 
ters  from  the  surface,  well  points  are  placed  each  meter,  and,  when  the 
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average  depth  Is  up  to  1.5  meters  and  the  soil  has  good  filtering  prop* 
ertles  they  are  located  each  2-3  meters. 

The  use  of  artificial  lowering  of  ground  water  level  Is  not  effec¬ 
tive  In  clay  soil. 

The  water  Is  pumped  out  from  the  wells  continuously  until  the 
ground  water  level  Is  lowered  to  the  required  depth.  After  the  soil  has 
been  dewatered,  the  trench  Is  excavated  with  the  pumping  continued  un- 

f 

til  the  drainage  system  Is  built. 

i 

Steel  wells  can  be  sunk  by  eroding  the  soil  at  the  same  time  with 
water  supplied  through  the  well  at  a  pressure  of  6-8  atm.  As  the  well 
Is  sunk,  the  pipe-embraced  space  Is  filled  with  fine  gravel,  thus  crest- 

i 

lng  the  draining  fill  of  the  well. 

The  water  from  the  well  can  be  pumped  out  by  beam-type,  reclpro- 
eating  or  centrifugal  pumps.  Centrifugal  pumps  mounted  on  the  same 
shaft  with  the  electric  motor,  which  are  lowered  Into  the  well  are  most 

!  frequently  used.  Here  the  pump  can  be  easily  raised  to  the  surface  and 
then  again  lowered  Into  the  well.  The  current  for  the  electric  motor  Is 
supplied  along  an  armored  cable,  which  Is  lowered  together  with  the 
pump.  After  they  are  sunk,  the  wells  are  closed  off  from  the  bottom 
with  a  valve  to  prevent  soil  from  getting  Into  it.  If  the  soli  does  not 
have  good  filtering  properties,  then  the  space  between  the  well  and  Its 

X 

■  hole  Is  filled  with  sand  or  gravel  with  6-3  mm  grain  size.  In  quicksand, 
‘ ni  ■  layer  Is  placed  In  a  surrounding  pipe  which  is  then  retracted. 

Well  points  are  connected  to  the  intake  sewer  made  from  150-200  mm 
steel  pipes  by  crimped  rubberized  hose  or  hinge-type  metal  pipes.  The 
intake  sewer  Is  provided  with  nozzles  for  connecting  the  well  points. 

The  water  from  the  well  point  installation  Is  pumped  out  by  auto¬ 
matic  Intake  centrifugal  pump  which  sucks  out  water  and  air.  The  same 
pumps  supply  water  under  pressure  In  sinking  the  well  points. 
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The  automatic  Intake  centrifugal  pump  does  net  require  that  the 
Installation  be  first  primed  with  water.  One  pump  can  service  up  to  60 
well  points.  The  delivery  of  the  pump  Is  60-70  meters^/hour.  Higher  cap¬ 
acity  pumps  serving  up  to  120  well  points  and  lower  capacity  pumps  serv¬ 
ing  up  to  30  well  points  are  also  available. 

27.  CONSTRUCTION  OF  SEWERS  AND  DRAINAGE  CONDUITS 

Sewers  and  drainage  conduits  are  underground  pipelines,  which  re¬ 
ceive  water  from  the  drainage  network  and  deposit  it  Into  open  ditches 
or  directly  outside  the  limits  of  the  flying  field  Into  the  water  re¬ 
ceiving  area.  Asbestos  cement,  ceramic,  concrete  and  reinforced  con¬ 
crete  pipes  are  used  In  sewer  construction. 
j Ir  s  of  Asbestos  Cement  Pipes 

Only  pressure -type  asbestos  cement  pipes  which  can  take  pressures 
not  lower  than  5  atm  are  used  for  constructing  sewers  and  drainage  con¬ 
duits,  while  ordinary  pipes  may  be  used  for  drains  and  Intercepting 
drains. 
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Fig.  58.  Unions  for  asbestos  cement  plDes.  a)  Pressure  pipe  Joints;  b) 
ordinary  pipe  Joint.  1)  Rubber  ring;  2)  union;  3)  packing;  4)  cement 
seal. 


Asbestos  cement  pipes  are  produced  in  3-4  meter  lengths  with  dia¬ 
meters  up  to  96O  mm  with  flareless  smooth  ends.  Asbestos  cement  twin- 
collar  or  cylindrical  unions  are  used  for  Joining  the  pipes  (Fig.  58). 

The  asbestos  cement  pipes  are  watertight,  have  the  necessary  mech¬ 
anical  strength,  are  easily  treated,  have  a  smooth  surface,  are  light, 
are  not  subject  to  corrosion,  and  they  cost  by  a  factor  of  2-3  less 
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than  concrete  pipes,  for  which  reason  they  are  extensively  used  In  con¬ 
structing  drainage  systems  at  airports.  The  main  disadvantage  of  asbes¬ 
tos  cement  pipes  Is  their  brittleness  and  low  rubbing  resistance. 

The  following  operations  are  performed  In  constructing  sewers  and 
drainage  conduits  from  asbestos  cement  pipes:  constructing  the  founda¬ 
tion,  lowering  the  pipes  to  the  bottom  of  the  trench  or  on  the  artifi¬ 
cial  foundation,  laying  of  pipes  and  Insertion  of  Joints,  testing  the 
pipeline,  filling  of  pipes  and  trenches.  The  enumerated  operations  are 
performed  by  the  flow  method.  Earthmovlng  operations  must  be  completed, 
bracings  placed  and  access  gulleys  constructed  before  the  pipes  are 
laid  in  the  trench.  The  pipe  laying  team  consists  of  6  workers. 

All  soli,  with  the  exception  of  muddy,  rocky  and  quicksand  can 
serve  as  the  natural  foundation  for  asbestos  cement  pipes.  An  artifi¬ 
cial  foundation  Is  constructed  on  muddy  and  weak  quicksand  soils,  while 
rocky  and  frozen  soils  are  replaced  by  sand.  The  foundation  design  is 
provided  for  In  the  overall  plan. 

The  soli  foundation  is  constructed  before  the  laying  of  pipes  by 
thoroughly  leveling  and  compacting  the  trench  bottom  to  the  design 
depth.  The  pipe  thus  laid  must  be  supported  on  the  foundation  ever  It s 
entire  length  and,  in  the  transverse  direction,  along  an  arc  of  at 
least  90°.  For  convenience  in  the  Joining  of  pipes,  holes  0. 2-0.3  me¬ 
ters  deep  and  0.6-0. 7  meters  long  are  dug  opposite  each  Joint  point. 

Before  they  are  lowered  into  the  trench,  pipes  are  thoroughly  in¬ 
spected,  tested  by  rapping  ar.d  cleared  of  dust  and  dirt  both  inside  and 
outside.  The  method  by  which  the  pipes  are  lowered  into  the  trench  de¬ 
pends  on  their  weight,  the  work  volume,  the  presence  of  bracings  and, 
al.c,  on  the  available  handling  equipment.  Extreme  care  should  be  taken 
in  lowering  pipes  into  trenches. 

Pipes  with  diameters  up  to  200  mm  are  lowered  into  trenches  by 


hand,  on  ropes;  pipes  with  diameters  over  200  mm  are  lowered  by  pulleys, 
winches  or  truck  cranes. 

When  lowering  Into  a  trench  by  a  pully  or  winch,  the  pipes  are 
rolled  onto  three  ties  placed  across  the  trench.  A  tripod  with  a  pulley 
or  winch  from  which  the  pipe  is  suspended  by  a  cable  Is  placed  over  the 
pipe,  then  the  ties  are  removed  and  the  pipe  Is  lowered  to  the  trench 
bottom.  Pipes  with  diameters  above  300  mm  are  most  expediently  lowered 
by  cranes  (Fig.  59)  or  excavators  on  pneumatic  tires. 

The  crane  Is  positioned  taking  into  account  the  natural  slope  of 
the  ground  with  its  boom  extended  In  a  manner  which  ensures  performance 
of  operations  wit?^cut  changing  its  inclination  angle.  The  type  of  truck 
crane  used  depends  on  the  weight  of  pipes  being  laid. 

The  crane  lowers  pipes  Into  trenches  without  wall  bracings  by  us¬ 
ing  a  cross  bar  with  grips  (see  Fig.  59)-  A  union  Is  placed  on  one  end 
of  the  pipe  in  a  manner  such  that  Its  nonworking  collar  be  directed  to¬ 
ward  the  pipe  laid  In  the  trench,  the  union  Is  followed  by  two  rubber 
rings,  after  which  the  pipe  Is  lowered  Into  the  trench. 

If  the  trench  walls  are  reinforced  by  standard  bracing,  then  In 
order  to  lower  the  asbestos  cement  pipes.  It  Is  necessary  to  move  the 
ladder-work  and  the  thrust  beams  to  the  side,  since  the  distance  between 
them  Is  2  meters  and  the  length  of  the  pipe  links  being  lowered  Is  4 
meters. 

When  the  design  of  the  trench  wall  b’acing  does  not  permit  [subse¬ 
quent]  rebracing,  then  a  special  frame-type  bracing  Is  constructed 
every  50-80  meters  at  the  point  where  the  pipes  are  lov;ered  (see  Fig. 

60)  or  the  trench  at  this  point  Is  dug  -lth  slanting  slopes  and  then 
the  pipes  are  pulled  Into  position  by  wlnch-drlven  rollers. 

The  pipes  are  placed  on  the  graded  and  compacted  foundation  from 
access  gulley  to  access  gulley,  without  gaps  from  bottom  upward.  The 
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first  pipe  is  placed  by  one  of  its  ends  on  the  foundation  of  the  lower 

% 

I  well,  flush  with  the  Internal  surface  of  the  working  chamber  wall. 

The  axis  of  the  pipeline  should  be  straight  both  In  the  plane,  as 

-5 

well  as  in  the  height.  In  order  that  the  pipes  be  laid  In  a  straight 

i 

* 

line,  a  twine  or  thin  wire  (alignment  rope)  is  stretched  in  the  plan 

s 

j  between  the  centers  of  railings  (see  Pig.  5 6)*  The  position  of  the  axis 
I  of  the  pipes  being  laid  is  determined  by  a  movable  plumb  line  suspended 
frcen  the  alignment  rope.  A  template,  whose  length  is  equal  to  the  in¬ 
ternal  diameter  of  the  pipe  link,  with  the  axis  accurately  marked  on  it, 
is  placed  In  links  of  large  diameter  pipes.  The  correctness  of  the  lay- 
|  ing  height  is  checked  by  a  traveling  ranging  rod.  The  traveling  ranging 

i 

1  rod  shoe  Is  placed  on  the  gutter  in  which  the  pipe  is  laid  and  a  check 
|  is  made  to  determine  whether  the  plane  of  the  upper  edge  cf  the  travel- 

I 

I  lng  ranging  rod  coincided  with  the  upper  edge  of  two  adjacent  permanent 

| 

1  ranging  rods  placed  in  sight  rails.  If  the  pipe  has  been  laid  higher 
|  than  necessary,  then  it  is  lowered,  if  lower,  then  sandy  soil  or  sand 
'  is  packed  under  the  pipe.  Pieces  of  board,  stones,  pieces  of  fallen  con¬ 
crete,  hard  soil  lumps  and  other  objects  may  not  be  used  for  raising 
the  pipe  to  the  proper  height.  Deviations  from  design  elevations  should 
not  exceed  +10  nan,  and  deviations  in  the  plane  should  not  exceed  -20  mm 
from  the  pipe  center. 

After  the  pipe  is  centered,  and  its  elevation  is  checked  by  rang¬ 
ing  rods,  it  is  reinforced  by  filling  with  soil  and  compacting,  leaving 
the  holes  provided  for  Joint  installation  unfilled.  The  correctness  of 
the  elevation  of  permanent  ranging  sods  is  checked  dally  before  the 

i 

work  starts,  since  the  sight  rails  can  settle  or  can  be  knocked  off. 

The  pipes  are  laid  by  constantly  checking  the  elevations  of  access  gul- 
|  ley  gutters  by  a  leveling  instrument,  in  order  to  maintain  the  design 

t 

|  longitudinal  slopes. 
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Fig*  59*  Lowering  of  a  pipe  Into  a  trench  by  a  truck  crane  (the  trench 
walls  are  not  braced).  1)  Union;  2)  rubber  rings;  3)  tightening  screw 
Jack;  4)  holes  for  Installing  Joints,  a)  According  to  design;  b)  the 
distance  between  access  gulleys  Is  determined  by  the  design. 


Pig.  60.  Frame  bracing  of  a  trench  at 
the  point  at  which  pipes  are  lowered. 

For  convenience  In  Joining  of  pipes,  marks  are  made  In  pencil  at 
their  ends  In  order  to  properly  determine  the  position  of  the  union 
when  it  will  be  pulled  on. 

In  order  to  accelerate  the  marking  off  process  and  to  avoid  errors. 
It  Is  performed  using  a  wooden  template,  made  by  the  Installation  work¬ 
ers.  After  marking,  one  rlr  ;  Is  placed  on  a  previously  laid  pipe  with  a 
union  at  a  distance  equal  to  the  union  length  (from  the  end  of  the 
pipe),  and  a  second  ring  Is  placed  at  the  end  of  the  freshly  laid  pipe 
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at  a  distance  of  10-15  nos  from  its  edge  (Pig.  6l). 


Fig.  61.  Scheme  for  Joining  of  as¬ 
bestos  cement  pipes,  a)  Initial 
position;  b)  joined  pipes.  A)  nan; 

I  B)  e  is  the  union  length. 

? 

£ 

The  ends  of  the  pipes  being  joined  should  be  dry  and  clean,  and 

I  the  rings  should  be  placed  in  a  straight  position.  Wet  and  moist  pipes 

\ 

are  wiped  by  a  dry  rag  and  are  allowed  to  dry  or  are  dried  by  ground 

i 

chalk  or  cement. 

The  pipe  being  joined  is  first  moved  toward  the  installed  pipe  so 
that  the  gap  between  them  should  be  not  less  than  5-8  mm.  Only  after 
checking  by  the  traveling  ranging  rod  and  plumb  line  and,  after  the 
position  of  the  pipe  being  Joined  Is  firmly  established  in  accordance 

with  plans,  is  the  union  pulled  In  for  Join¬ 
ing  by  using  a  lever  device  or  screw  Jack 
(see  Fig.  59). 

The  lever  Jack  (Fig.  62)  is  used  for 
pulling  In  of  unions  when  the  diameter  of 
Joined  pipes  is  up  to  300  mm.  Such  a  Jack 
has  a  number  of  advantages  over  the  screw 
jack,  consisting  in  the  fact  that  it  can  be  used  at  any  time  of  the 
year  and  in  any  soil,  due  to  the  absence  of  tightening  screws,  and  the 


Fig.  62.  Lever  device 
for  pulling  in  of  un¬ 
ions. 


process  of  tightening  the  pipes  is  accelerated  by  a  factor  of  5*  The 
disadvantage  of  the  lever  Jack  Is  the  fact  that  It  is  difficult  to  move 
the  union  at  a  constant  rate  during  pulling  In,  and  the  necessity  of 
applying  considerable  force  to  the  levers,  especially  when  working  with 
large  diameter  pipes. 

The  screw  Jack  Is  used  when  the  diameter  of  pipes  being  Joined  is 
more  than  300  mm.  Such  a  Jack  makes  It  possible  to  move  the  unions  at  a 
uniform  rate.  The  disadvantage  of  screw  Jacks  consists  In  the  fact  that 
it  Is  difficult  to  use  them  in  the  winter  due  to  freezing  of  the  tight¬ 
ening  screws  and  also  In  the  summer  when  soil  gets  into  the  threads. 

Irrespective  of  the  Jack  design,  it  is  important  that  the  union 
move  at  a  constant  rate  when  pulled  In  and  should  at  the  same  time  grab 
the  rubber  rings.  In  the  process  of  pulling  in  the  union,  care  must  be 
taken  that  the  rubber  rings  do  not  slide  but,  moving  together  with  the 
union,  they  should  rotate  uniformly  vlthout  warping  or  slanting. 

As  soon  as  the  union  Is  put  Into  position,  which  can  be  checked  by 
marks  previously  made,  the  correctness  In  the  ring  position  Is  checked 
by  a  sounding  rod.  It  it  is  found  that  they  are  seated  v.ith  a  slant, 
the  pipes  must  be  Joined  anew.  If  the  union  and  rings  are  In  correct 
position,  work  Is  started  on  the  following  joint,  additionally  fasten¬ 
ing  the  lal-5  pipe  In  permanent  position  by  filling  soli  over  It.  In 
filling  and  compacting  the  soil  between  the  trench  walls  and  the  pipe 
care  must  be  taken  that  this  should  not  move  and  damage  the  pipe.  A 
soli  layer  of  0.4-0. 5  meters  is  filled  on  the  pipe  from  above.  This  ad¬ 
ditional  filling  protects  the  pipe  from  mechanical  damage  on  falling  of 
heavy  objects  jnd  also  prevents  possible  bending  of  the  pipeline  during 
hydraulic  tests  (the  pipe  Joints  are  not  covered  over  and  are  left  In 
this  state  until  the  preliminary  hydraulic  testing  of  pipelines  Is  com¬ 
pleted).  The  access  gulleys  must  be  constructed  before  laying  of  pipes. 
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To  make  It  possible  to  move  the  ends  of  pipes  Inserted  into  the 
access  gulleys  In  the  horizontal  and  vertical  directions,  they  are 
Joined  by  an  elastic  watertight  Joint.  For  this  purpose,  the  holes  In 
the  access  gulleys  are  made  by  2-3  cm  larger  than  the  external  diameter 
of  the  adjoining  pipes. 

Oil  bathed  hemp  packing  Is  packed  Into  the  gap  between  the  pipe 
and  the  access  gulley  wall.  The  end  of  the  pipe  and  the  walls  of  the 
access  gulley  ring  must  be  first  cleaned  of  dirt  and  dust  and  lubricat¬ 
ed  by  thinned  bitumen.  The  hemp  packing  should  be  clean,  dry  and  with¬ 
out  flax  refuse.  It  Is  used  for  making  a  tightly  twisted  cord  with  a 
diameter  slightly  greater  than  the  ring  gap,  and  sufficiently  long  so 
that  it  can  fill  the  gap  by  several  layers  (usually  3-^  layers). 

The  packing  cord  thus  produced  is  bathed  In  thinned  bitumen.  Each 
layer  of  the  packing  cord  is  pushed  Into  the  gap  by  a  metal  calking 
iron  and  Is  packed  as  far  as  It  will  go  by  hitting  It  hard  with  a  ham¬ 
mer  weighing  up  to  2  kg.  After  the  lubricated  hemp  packtng  Is  placed 
In  the  gap,  the  points  at  which  the  pipe  adheres  to  the  access  gulley 
walls  are  lubricated  from  the  Inside  and  outside  by  several  layers  of 
bitumen  putty  (a  mixture  of  bitumen  with  stone  powder  In  a  1:4  propor¬ 
tion). 

If  the  last  link  which  Joins  the  access  gulley  Is  found  to  be 
longer  than  required.  It  Is  cut  off  by  a  transverse  saw. 

After  the  asbestos  cement  pipes  have  been  laid  between  two  adja¬ 
cent  access  gulleys,  they  should  be  Immediately  tested  foi  watertight¬ 
ness,  Issued  to  the  ordering  authoritv.  and  fully  covered  with  soil. 

This  Is  done  to  prevent  possible  damage  (raising)  of  pipes  when  the 
trench  Is  filled  with  water  during  torrential  rains. 

Hydraulic  testing  of  asbestos  cement  pressure-type  pipes  is  per¬ 
formed  to  expose  defects  In  the  sealing  of  Joints  (whether  the  rubber 
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rings  Mere  omitted),  In  the  Joining  of  pipes  to  the  access  gulleys  and 
for  exposing  cracks  In  the  pipes.  The  asbestos  cement  pipes  are  tested 
without  producing  water  pressure  and  without  determining  the  seepage 
rate  by  filling  the  pipeline  with  water  between  two  access  gulleys. 
Laying  of  Concrete  and  Reinforced  Concrete  Pipes 

Concrete  and  reinforced  concrete  pipes  for  constructing  drainage 
systems  at  airports  are  produced  with  smooth  ends,  with  grooves  and 
with  bell  and  spigot  Joints  w  th  diameters  from  150  to  1000  mm  and 
lengths  from  1  meter  and  more.  . 

Concrete  and  reinforced  concrete  pipes  usea  In  construction  should 
be  of  the  greatest  length,  which  can  be  laid  on  a  soil  foundation.  This 
decreases  the  cost  of  constructing  foundations.  Joints,  the  water 
drainage,  etc. 

Concrete  and  reinforced  concrete  pipes  are  very  strong  and  stable. 
The  disadvantage  of  these  pipes  is  the  great  porosity  and  roughness  of 
walls,  the  ability  to  absorb  moisture,  difficulty  In  Joining  (with  res¬ 
pect  to  ensuring  water  tightness  of  Joints)  and  weak  resistance  to 
acids,  alkalis  and  aggressive  ground  water. 

When  constructing  pipelines  from  concrete  and  reinforced  concrete 
pipes  at  sections  with  aggressive  ground  water  the  drainage  system  ele¬ 
ments  are  made  from  concrete  produced  from  acid  resisting  cement,  or 
from  ordinary  Portland  cement.  In  which  case.  It  Is  mandatory  to  Insu¬ 
late  the  pipes  and  access  gulleys  from  the  outside. 

Reinforced  concrete  and  hlgh-strangth  concrete  pipes  1  meter  long 
are  used  for  construction  of  drainage  systems  In  the  case  when  they  are 
made  at  concrete  and  reinforced  concrete  product  plants  at  the  con¬ 
struction  site.  These  pipes  with  smooth  er.ds  are  laid  on  a  knockup  re¬ 
inforced  concrete  foundation  when  their  diameter  Is  less  than  600  mm, 
and  on  monolithic  concrete  and  reinforced  concrete  foundations  when 
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their  diameter  exceeds  600  mm.  The  knockup  reinforced  concrete  founda¬ 
tion  Is  constructed  from  2  meter  long  slabs,  whose  cross  sectional  di¬ 
mensions  depend  on  the  diameter  of  the  pipes  being  laid.  The  slabs  are 
laid  after  they  are  put  through  a  strength  test  and  accepted  by  the 
person  responsible  for  the  work. 


Pig.  63.  Laying  of. concrete  and  reinforced  concrete  pipes  by  a  K-51 
truck  crane  on  a  knockup  foundation.  1)  Foundation  slab;  2)  hinge;  3) 
pipe  link;  4)  tamping  plate,  a)  Position  of  boom  In  laying  the  founda¬ 
tion  slab  into  the  trench;  b)  position  of  boom  when  laying  the  pipe 
links. 

The  alsbs  are  placed  In  the  trench  by  the  K-51  crane  supported  by 
extension  supports  with  the  boom  extending  nor  more  than  6.5  meters 
(7lg,  63).  Such  a  crane  can  lay  5-6  foundation  slabs  followed  by  10-12 
pipe  links  from  one  position. 

The  laying  starts  after  the  access  gulleys  are  constructed  from 
the  lower  side,  from  gulley  to  gulley  without  gaps. 

The  foundation  slabs  are  laid  on  a  layer  of  cement  grout  with  the 

O 

composition  1:6  or  1:8,  so  tnat  10-20  liters  are  poured  per  meter  of 
base  cf  foundation  slab.  Stable  setting  of  the  slabs  on  the  cement 
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grout  covered  soil  Is  achieved  by  a  vibrator  placed  on  the  slab.  After 
final  placing  and  checking  with  design  markings,  the  foundation  slabs 
are  Joined  by  splices  made  of  two  turns  of  6  bob  diamete:  wire  or  by  two 
loops  and  a  dowel,  and  gaps  which  are  formed  are  filled  with  cement 
grout  with  a  1:3-1s4  composition  on  an  expanding  cement  base.  As  the 
foundation  slabs  are  laid,  the  same  crane  also  lays  the  pipe  links. 

Before  lowering  Into  the  trench  all  pipes  are  thoroughly  Inspected 
and  cleaned  of  dust  and  dirt  from  the  Internal  and  external  sides  and, 
are  numbered;  each  pipe  Is  marked  as  to  Its  top  and  bottom,  and  toler¬ 
ances  In  the  wall  thickness  are  taken  Into  account.  In  selecting  pipes 
attention  must  be  paid  tj  the  fact  that  the  gutter  In  the  assembled 
pipeline  be  rectilinear  (due  to  possible  deviations  of  the  wall  thick¬ 
ness  from  the  design  values). 

The  precision  with  which  each  pipe  link  is  laid  on  the  foundation 
is  checked  by  traveling  ranging  rods  and  a  plumb  weight.  The  links  are 
straightened  out  In  the  vertical  and  horizontal  directions  by  proplng 
them  up  by  gravel  or  wedges.  After  the  position  of  the  pipe  link  being 
laid  Is  checked,  a  leveling  layer  of  cement  grout  with  a  1:4  composi¬ 
tion  Is  poured  under  It. 

When  sealing  the  Joints  by  strips  of  rolled  material,  the  cement 
grout  Is  poured  under  the  Joint  after  It  has  been  sealed.  For  this  pur¬ 
pose,  a  strip  glued  together  at  the  middle  from  several  layers  of  rolled 
materials  (asphaltic  roofing  paper,  water  Insulator,  rubberold,  boru- 
llne,  etc.)  Is  placed  beneath  the  Joint.  The  length  of  the  strip  should 
be  by  25-30  cm  greater  than  the  external  circumference  of  the  pipe  link, 
and  the  length  should  be  20  cm.  The  strip,  without  bitumen  lubrication. 
Is  tightened  around  the  Joint,  pressing  it,  before  sealing  of  Joints, 
by  large  pieces  of  gravel  or  by  a  stone. 

The  gaps  between  the  pipe  link  Joints  are  filled  from  the  outside 


and  Inside,  If  the  pipe  diameter  exceeds  500  ma,  by  a  1:1  cement  grout 
with  [subsequent]  smoothing  out.  In  order  that  the  ceaent  grout  should 
not  penetrate  through  the  Joint  gap,  it  is  covered  over  from  the  inside 
by  a  special  brace  (Fig.  64). 

The  Joint  is  sealed  2-3  days  after  laying.  The  ends  of  the  pipes 
to  be  Joined  are,  for  a  length  of  25*30  cm,  cleaned  thoroughly  by  metal 
brushes  of  dust  and  dirt,  and  are  lubricated  by  bitumen  paste  or  by 
thinned  bitumen.  After  3*4  hours  have  passed  from  the  bitumen  applica¬ 
tion,  a  layer  of  hot  bitumen  is  placed  on  the  soil -supported  ends  of 
the  pipes  and  on  one  side  of  the  water  insulating  material.  Then  the 
insulation  strip  is  rapidly  wound  around  the  Joint.  The  lower  part  of 
the  pipe  is  not  covered  with  bitumen  at  first,  but  after  the  insulating 
strip  is  brought  underneath  the  pipe,  hot  bitumen  Is  poured  on  it, 
which  flows  down  under  the  lower  part  of  the  pipe,  whereupon  the  strip 
is  tightly  wound  around  the  pipe.  Subsequent  insulating  strips  are 
glued  by  bitumen  similar  to  the  first;  the  external  surface  of  the  strip 
is  also  covered  by  bitumen. 

Large  diameter  concrete  and  reinforced  concrete  pipes  with  smooth 
ends  and  grooves  laid  on  a  stable  foundation  can  be  Joined  by  strips  of 
cement  gtout  -with  1:2  composition.  For  this  purpose,  the  Joint  is 
tightly  filled  with  rigid  cement  grout  from  the  outside,  after  which 
wooden  or  metal  boxlike  sleeves  are  placed  on  it. 

The  sleeves  thus  placed  are  poured  over  by  liquid  cement  grout 
with  a  1:2  composition.  First  the  lower  half  of  the  sleeve  is  placed 
and  poured  over  up  to  half  of  the  pipe  height.  Then  the  sleeves  are 
placed  on  the  upper  part  of  the  strip.  The  grout  is  poured  into  the  up¬ 
per  half  through  a  hole  which  is  left  over.  The  strip  dimensions  used 
are  given  in  Table  21. 

The  grout  is  compacted  during  pouring  by  knocking  lightly  on  the 
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Pig.  64.  Bracing  for  Insertion  of  Joints  between  pipe  links.  1)  Sllde- 
off  hoop;  2)  bracing  (a  pipe  with  d  *  22  mm);  3)  clamp;  4)  removable 
rod. 

mold  with  a  wooden  hammer  or  by  using  vibrators.  When  the  pipe  diameter 
exceeds  500  mm,  the  gap  between  the  pipes  can  between  the  pipes  can  be 
closed  up  from  the  Inside  and  outside  with  cement  grout,  without  the 
use  of  the  round  wooden  template.  For  this  purpose,  cement  grout  with 
1:1  or  1:2  composition  Is  Dlaced  from  the  Inside  over  the  entire  peri¬ 
meter  of  the  gap,  and  Is  thoroughly  smoothed  over  and  reinforced  with 
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1)  Pipe  diameter,  mm;  2)  strip  width,  mm;  3) 
strip  thickness,  mm;  4)  at  the  foundation; 

5)  on  top. 

Iron.  After  the  grout  has  set,  the  Joints  ar.  sealed  and  the  cement 
strip  Is  constructed. 

The  forms  are  removed  after  8-10  hours.  After  removal  of  forms, 
the  cement  strips  are  neither  smoothed  out  nor  reinforced  with  Iron, 
but  are  immediately  covered  by  wet  sack  material  or  mats,  which  are 
kept  In  the  moist  state  from  4  to  3  days.  The  cement  strip  Joint  thus 
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obtained  Is  rigid  and  very  sensitive  to  various  deformations  (sagging, 
swelling,  linear  tecperature  expansions,  etc.).  The  cement  strips  can 
be  also  constructed  without  any  forms  by  applying  cement  grout  with  the 
use  of  sack  material  or  special  movable  molds. 


Fig.  65.  Monolithic  foundations.  1) 
Concrete;  2)  cement  gtout  (1:3)- 


Concrete  monolithic  foundations  (Fig.  65a)  are  constructed  in  lay¬ 
ing  concrete  and  reinforced  concrete  pipe  links  1  meter  long  and  with 
diameters  higher  than  600  mm,  and  monolithic  reinforced  concrete  founda¬ 
tions  (Fig.  65b)  are  constructed  in  the  case  of  weak  soil  and  when  the 
fill  over  the  pipe  is  lower  than  1.5  meters. 

In  order  to  construct  monolithic  concrete  and  reinforced  concrete 
foundations,  a  side  form  made  from  boards  40-50  mm  thick  Is  placed  in 
the  trench.  The  form  is  reinforced  in  the  trench  by  pegs  and  lugs  which 
are  supported  on  the  trench  brackings  or  on  its  slopes.  The  concrete 
mixture  is  supplied  to  the  placing  point  by  dump  trucks  and  is  unloaded 
onto  a  wooden  flooring  with  side  panels.  After  the  mixture  on  the  floor¬ 
ing  has  been  used  up  it  is  moved  every  8-10  meters  along  the  trench  in¬ 
to  a  new  position  by  the  dump  trucks.  For  this  purpose,  it  is  provided 
with  skis  situated  along  the  trench  and  a  coupling  device  for  a  steel 
wire  or  cable. 

The  concrete  mixture  is  lowered  at  the  point  of  placement  in  the 
foundation  through  wooden  troughs  and  is  leveled  out  Inside  the  form. 
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Pig.  66.  Construction  of  an  expansion  Joint.  1)  Cement  grout  1:3;  2) 
layer  of  boards,  6  ■  2  cm;  3)  dowels  covered  with  bitumen  at  one  end; 

4)  wooden  stoppers;  5)  a  sleeve  made  from  cardboard,  asphaltic  roofing 
paper  or  sheet  Iron. 

The  foundation  surface  Is  produced  by  2-3  cm  lower  than  the  design  ele¬ 
vation, In  order  to  make  It  possible  to  produce  a  leveling  cement  grout 
layer  In  placing  the  pipes. 

The  foundation  concrete  Is  compacted  by  surface  vibrators.  Two 
longitudinal  slots  are  produced  when  placing  the  concrete  In  the  founda¬ 
tion  by  Inserting  wooden  lathes  over  tie  entire  length. 

Through  temperature  [expansion]  transverse  seams  with  dowels  are 
constructed  each  15-20  meters  of  the  foundation  length  (Fig.  66).  Rein¬ 
forcement  mesh  Is  placed  before  concrete  pouring  In  the  case  of  rein¬ 
forced  concrete  foundations. 

Curing  of  the  freshly  laid  concrete  foundation  Is  organized  im¬ 
mediately  after  final  finishing  of  the  surface.  Mats  or  special  shields 
providing  protection  from  the  sun's  rays,  wind  and  dust  are  used  for 
this  purpose.  When  the  concrete  mixture  begins  tc  set,  the  shields  are 
removed  and  the  surface  Is  covered  by  a  layer  of  fine  sand  5-6  cm  thick. 
Then  the  concrete  thus  covered  is  wetted  by  water  for  at  least  2-3  days 
(In  dry  weather  every  3-4  hours  during  the  day  and  every  5  hours  during 
the  night).  After  the  concrete  curing  operation  is  finished,  it  becomes 
possible  to  place  the  pipes  on  the  foundation. 

The  pipe  links  are  laid  on  the  monolithic  foundation  and  are 
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sealed  In  the  same  manner  as  this  was  done  for  knockup  slab  foundation. 
The  only  additional  operation  Involved  Is  of  side  gaps  by  concrete.  Be¬ 
fore  concrete  Is  placed  In  the  gaps.  It  Is  recommended  that  a  pipeline 
section  with  sealed  Joints  between  [two]  access  gulleys  be  filled  with 
water  not  under  pressure.  All  the  leaks  and  defects  In  the  sealing  of 
Joints  which  are  exposed  are  more  easily  eliminated  earlier  than  after 
the  gaps  are  lined. 

Preliminary  working  checking  of  the  waterttghtness  of  Joints  Is 
performed  by  the  foreman  without  Informing  the  ordering  authority  and 
without  compiling  a  covered  operations  act. 

After  the  gaps  between  two  access  gulleys  are  lined.  In  order  to 
prevent  the  formation  of  cracks  In  the  cement  collars  or  falling  off  of 
the  rolled  material  strips  In  hot  weather,  for  pipes  provided  with 
elastic  Joints,  the  pipes  and  Joints  should  be  Immediately  tested  for 
watertightness,  surrendered,  together  with  an  appropriate  act,  to  the 
ordering  authority,  and  filled  over  completely  or  partially,  but  by  not 
less  than  40-50  cm. 

The  pipe  laying  and  Joint  sealing  work  Is  performed  by  an  Inte¬ 
grated  team  consisting  of  4-7  workers  (depending  cn  the  diameter  of 
pipes  being  laid).  The  productivity  of  such  a  team  working  with  the 
K-51  truck  crane  Is  12-19  linear  meters/shift. 

Concrete  and  reinforced  concrete  bell  and  spigot  pipes  are  laid  on 
a  natural  soli  foundation  (with  the  exception  cf  quicksand).  Before  the 
pipe  Is  laid,  the  trench  Is  cleaned  by  hand  with  attendant  checking  of 
design  elevations  using  a  traveling  ranging  rod  for  earth  moving  opera¬ 
tions.  A  hole  up  to  40  cm  deep  and  up  to  50  cm  long  Is  dug  under  each 
Joint  before  the  laying  of  links,  for  convenience  In  sealing. 

Before  lowering,  the  pipe  links  are  laid  out  along  the  trench  with 
the  tell  part  facing  the  slope  In  the  same  sequence  In  which  they  are 
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The  pipe  Units  should  be  lowered  to  the  trench  bottom  smoothly, 
without  Jolts.  The  lowering  method  depends  on  the  weight  of  the  link 
being  laid  and  of  the  handling  equipment  available  at  the  construction 
site.  The  pipes  are  laid  starting  with  the  lowest  elevations  of  the 
network. 

In  dry  soli,  the  bell  and  spigot  Joints  are  sealed  after  laying 
5-7  links  and  In  wet  soil  this  Is  done  Immediately  after  laying  of  each 
pipe  link. 

A  part  of  the  bell  and  spigot  Joint  Is  sealed  with  tar  Impregnated 
hemp  packing  or  rope.  The  remaining  part  of  the  gap  Is  filled  with  ce¬ 
ment  grout  or  bitumen  paste  In  the  case  of  heaving  soil.  The  hemp  pack¬ 
ing  used  should  be  clean  and  not  contain  flax  refuse.  A  tightly  twisted 
rope  with  a  diameter  slightly  larger  than  the  ring  gap  Is  prepared  from 
the  hemp.  The  length  of  the  rope  should  be  such  that  It  should  fill  the 
fap  In  a  few  layers  (usually  In  three  layers).  Each  layer  of  the  pack¬ 
ing  rope  Is  pushed  Into  the  bell  and  spigot  Joint  by  a  calking  iron  and 
packed  as  far  as  It  will  go  by  hard  hits  on  the  calking  iron  using  a 
hammer  weighing  up  to  2  kg.  After  the  bell  slit  Is  filled  with  the  pack 
lng,  a  spaee  not  smaller  than  30-40  mm  should  be  left  for  calking  with 
cement  grout  or  filling  with  bitumen  paste.  Rubber  rings  may  be  used  to 
replace  the  hemp  packing  in  the  bell  mouth.  Before  placing,  they  are 
put  on  the  smooth  end  of  the  pipe  being  laid.  The  rings  should  press 
around  the  pipe  tightly,  for  which  reason  their  diameter  should  be  by  a 
factor  of  1.2-1. 5  smaller  than  the  outside  diameter  of  the  pipe.  The 
ring  thickness  used  Is  by  a  factor  of  1.5  greater  than  the  bell  mouth 
gap. 

After  the  rubber  ring  Is  placed,  the  remaining  part  of  the  round 
gap  is  filled  by  a  moistened  mixture  of  cement  and  asbestos.  The  mix- 


,  ture  Is  made  from  30#  of  asbestos  fiber  and  from  cement  whose  mark  is 

!  not  lower  than  400.  The  mixture  is  moisturized  before  sealing  the 

j  Joints  by  addition  of  10#  of  water  by  weight. 

| 

The  moist  cement  mixture  is  gradually  introduced  into  the  bell 

I 

mouth  and  are  compacted  until  a  dense  mass  is  formed.  The  compacting  of 
the  hemp  and  the  asbestos  cement  mixture  may  be  performed  by  a  pneuma¬ 
tic  tool.  If  asbestos  is  not  available,  the  Joint  can  be  sealed  by  ce¬ 
ment  grout  with  1:1  composition. 

j 

After  sealing  the  Joint  is  covered  by  moss,  rags  or  sack  material 
and  is  wetted  with  water  during  3-4  days.  The  Joint  should  be  covered 
before  filling  by  soil.  The  cement  Joint  is  rigid  and  cannot  withstand 
the  action  of  aggressive  ground  soil.  Sags  and  other  deformations  may 
break  the  joint.  Cement  joints  are  used  only  on  good  foundations. 

To  construct  an  elastic  Joint,  that  part  of  the  bell  mouth  which 
is  not  occupied  by  the  hemp  packing  is  filled  with  melted  bitumen  paste. 
It  is  extremely  Important  that  the  paste  adhere  well  to  the  concrete 
surface,  for  which  reason  the  Joint  parts  of  the  pipe  link  are  cleaned 
of  dust  and  dirt  and  covered  by  liquid  hot  thinned  bitumen  not  less 
than  once  a  day. 

The  bitumen  Joint  has  good  resilience,  elasticity,  watertightness 
and  has  good  resistance  to  the  action  of  aggressive  water.  The  bitumen 
paste  is  poured  into  the  Joint  using  a  mold  in  the  shape  of  a  hoop.  The 
•teel  hoop,  which  consists  of  two  folds  embracing  the  pipe  links,  is 
placed  flush  against  the  bell  mouth  erd.  The  Joint  is  poured  over  con¬ 
tinuously  until  It  Is  completely  filled.  The  pipelines  are  covered  be¬ 
fore  filling  over  by  boards,  sacks,  etc.,  in  order  to  protect  them  from 
the  sun's  ra.s.  It  is  better  to  test  the  finished  section  between  [two] 
acct.-ss  gulleys  and  immediately  completely  cover  with  soil. 

The  groove-type  pipes  are  Joined  by  a  cement  collar.  The  internal 


vertical  faces  of  the  pipes  are  butt  Joined.  Before  the  Joint  is  poured 
over  by  cement  grout  the  internal  seam  is  smoothed  out  and  reinforced 
with  iron  in  order  to  prevent  the  cement  grout  from  leaking  into  the 
pipe. 

Acid  resistant  cements  are  used  in  making  the  pipe  links  as  well 
as  for  sealing  of  Joints  when  working  with  aggressive  soil. 

Links  of  long  reinforced  concrete  pipes  with  smooth  ends  are 
Joined  by  reinforced  concrete  unions.  The  internal  diameter  of  the  un¬ 
ions  should  be  30-40  mm  larger  than  the  external  diameter  of  the  links 
being  Joined. 

After  the  holes  are  dug,  the  union  is  placed  on  the  end  of  the 
previously  laid  link,  and  then  the  pipe  link  which  is  to  be  laid  is 
moved  to  the  link  laid  previously,  leaving  a  3  mm  space  between  the 
ends.  The  link  being  Joined  is  leveled  with  a  plumb  line  attached  to  a 
ranging  rod  and  is  fastened  by  filling  loose  soil  around  the  pipe  up  to 
half  its  diameter  (leaving  the  Joint  part  exposed).  The  ends  of  the 
pipe  links  being  Joined  are  washed  with  water  and  dried,  whereupon  the 
unions  are  placed  in  position  and  calked  by  hemp  packing  the  gap  between 
the  pipe  and  the  union. 

Ceramic  Pipes 

Links  of  ceramic  pipes  for  water  drainage  systems  are  produced 
with  round  cross  sections  and  with  bell  and  spigot  Joints.  Grooves, 
which  are  not  glazed  in  order  to  improve  the  sealing  of  the  Joint,  are 
left  over  on  the  external  surface  of  the  smooth  end  of  the  link  and  on 
the  Internal  surface  of  the  bell  mouth. 

Ceramic  pipes  have  sufficient  strength  and  watertightness,  a  long 
service  life  and  good  resistance  to  chemical  and  temperature  effects. 

The  pipe  links  have  smooth  walls  and  are  convenient  in  laying.  Ceramic 
acid  resistant  pipes  produced  from  special  clay  are  used  for  draining 


water  with  dissolved  3clds  from  the  alrtort. 

Ceramic  pipe  links  are  placed  on  a  soli  foundation  similar  to  re¬ 
inforced  concrete  bell  and  spigot  pipes.  An  additional  feature  Is  the 
fact  that  It  Is  possible  to  assemble  up  to  5  ceramic  pipe  links  Into 
blocks  at  the  surface  and  to  lower  them  Into  the  trench  In  this  form. 
Blocks  consisting  of  2-3  links  are  conveniently  assembled  In  the  up¬ 
right  position.  Blocks  made  up  of  links  can  be  transported  and  lowered 
only  after  the  paste  at  the  Joints  has  solidified.  After  the  pipes  are 
laid  and  the  Joints  sealed,  the  uniformity  with  which  the  pipes  rest  on 
the  foundation  and  the  quality  of  Joint  sealing  are  tested  by  Inspect¬ 
ing  each  pipe  and  Joint. 

Sewers  with  diameters  of  600  mm  and  up  are  also  Inspected  by  check 
lng  them  from  the  Inside.  Here  the  Internal  surface  of  the  pipes  should 
not  have  cracks,  dents  and  concrete  accumulations,  especially  In  the 
case  of  gutters.  The  Joint  seams  should  be  smoothed  over  with  Iron  re¬ 
inforcement. 

The  straightness  of  the  laid  pipe  sections  between  access  gulleys 
is  checked  by  using  light.  For  this  purpose,  a  light  source  (lamp,  can¬ 
dle)  is  placed  at  one  end  of  the  section  and  a  mirror  Is  placed  at  the 
other  end  of  the  section  at  an  angle  to  the  pipe  axis. 

The  light  disk  should  be  reflected  In  the  mirror  ir  the  form  of  a 
perfect  circle.  Displacement  of  the  light  disk  upward  or  downward  (an 
Image  in  the  form  of  an  ellipse)  shows  that  the  pipe  Is  bent  in  the 
profile,  and  the  displacement  of  the  disk  to  the  left  or  right  shows 
that  the  axis  Is  bent  in  the  plane. 

The  permissible  deviations  of  the  pipe  axis  In  the  plane  are  net 
mere  than  5  cm  and.  In  the  profile  the  deviations  from  the  design  eleva 
tlcr.s  should  not  exceed  1  cm. 

If  a  reflected  disk  Is  not  obtained  at  all,  this  means  that  the 
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pipes  at  the  Inspected  section  are  not  laid  out  in  a  straight  line. 

Sewers  cade  from  concrete,  reinforced  concrete  and  ceramic  pipes 
as  well  as  access  gulleys  are  tested  for  watertightness  before  the 
trench  Is  filled  by  the  hydraulic  method  under  pressure,  measuring  the 
amount  of  water  which  Is  lost  from  the  water  filled  sections  between 
the  gulleys. 

Before  the  section  Is  filled  with  water,  all  the  Inlets  of  drains, 
drainage  conduits  and  drain  pipes  feeding  Into  the  gulley  are  tightly 
closed  up*  Small  diameter  pipes  are  stopped  up  at  the  outlets  by  stop¬ 
pers  made  of  wood  with  a  rubber  filling  and  covered  by  loam. 

The  stoppers  are  supported  by  wooden  beams  placed  between  the  stop¬ 
per  and  the  opposite  wall  of  the  gulley.  For  medium  and  large  diameter 
pipes,  use  Is  made  of  chokes  made  from  screens  assembled  from  sheet 
pile  boards.  The  choke  Is  constructed  of  two  screens  with  a  layer  of 
treated  clay  In  between  them.  The  prepared  section  Is  gradually  filled 
with  water  up  to  the  level  of  the  cover  of  the  lower  access  gulley  and 
not  less  than  two  meters  above  the  top  of  the  sewer  pipes  at  the  upper 
end  of  the  section  under  testing. 

The  amount  of  water  seeping  through  Is  determined  by  the  amount  of 
water  which  has  to  be  added  to  maintain  the  level  In  the  gulley.  The 
testing  time  Is  20  minutes.  The  watertightness  Is  regarded  as  satisfac¬ 
tory  If  the  seepage  per  1  linear  kilometer  of  sewer  does  not  exceed 
30-45  meters^  per  24  hours  for  pipes  with  diameters  up  to  300  mm,  60-75 
meters''  for  pipe  alameters  up  to  500  mm,  and  up  to  120  metersJ  per  24 
hours  for  pipes  with  diameters  up  to  800  mm. 

The  Joints  which  are  under  water  pressure  are  also  tested  during 
the  hydraulic  test  of  the  pipeline. 

If  the  testing  exposes  Individual  points  at  which  considerable 
seepage  occurs  through  poorly  sealed  Joints,  through  pipe  walls  and 
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through  walls  of  the  access  gulleys,  then  even  If  the  total  seepage 
during  the  established  time  Is  satisfactory,  the  leaks  must  be  elimin¬ 
ated,  since  seepage  after  the  pipes  are  filled  over  and  the  sewer  Is 
In  operation  can  result  In  breaking  the  Joints  and  sagging  of  the  pipe. 

The  places  at  which  leakage  occurs  are  found  by  direct  Inspection 
of  the  laid  sewer.  After  the  defects  are  eliminated  the  sewer  Is  tested 
anew.  When  pipelines  are  laid  in  quicksand,  the  amount  of  ground  water 
seeping  Into  the  network  (infiltration)  is  checked.  If  water  seeps  In, 
to  the  pipes  through  poorly  sealed  Joints  and  pipe  and  gulley  walls.  It 
carries  with  It  small  soli  particles  (erosion  of  the  foundations  be¬ 
neath  the  pipes)  which  can  result  in  sagging  of  the  pipes  and  If  the 
longitudinal  slope  is  low  It  can  also  result  In  stopping  up  the  network 
with  soil.  For  this  reason,  rigid  Joints  should  not  be  constructed  In 
the  presence  of  ground  water. 

The  network  is  checked  for  seepage  (In  moist  soil)  before  the 
pipes  are  filled  over,  by  measuring  the  ground  water  Inflow  In  the  low¬ 
er  gulley  when  the  ground  water  level  rises  to  their  natural  elevation. 
The  ground  water  Is  raised  to  Its  natural  level  In  the  trench  by  making 
a  pond.  All  the  outlets  (of  drainage  conduits,  drain  pipes)  and  higher 
lying  sections  of  the  sewer  at  the  section  under  test  are  stopped  up. 
The  in-seepage  rates  and  testing  methods  are  the  same  as  In  seepage 
testing  In  the  sewer.  The  seepage  and  In-seepage  rates  lr.  a  well  con¬ 
structed  drainage  system  should  be  within  the  limits  of  the  established 
norms. 

Filling  of  Trenches 

When  filling  pipeline  trenches,  extreme  care  should  be  taken  to 
maintain  the  Joints  in  operating  order,  keep  the  soli  at  the  proper 
density  and  protect  the  pipes  from  damage  when  throwing  soil  Into  the 
trench.  Displacement  of  the  pipeline  In  the  plan  should  not  be  permlt- 
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ted,  Complete  filling  of  the  trench  Is  started  after  the  pipeline  and 
access  gulleys  were  subjected  to  working  tests. 


U - -Its 


Pig.  67.  Filling  of  trenches,  l)  Point  at  which  the  soli  Is  filled  In 
layers  by  hand;  2)  point  at  which  the  soil  Is  piled  when  the  trench  Is 
dug;  3)  direction  of  motion  of  bulldozer  In  filling  a  trench,  a)  Ur  to 
3  meters. 

The  trench  filling  operation  is  performed  In  two  stages.  The  first 
stage  Is  the  filling  of  the  pipeline  to  a  height  of  40-50  cm  over  the 
top  of  the  pipes  and  the  second  stage  consists  In  filling  In  the  re¬ 
maining  part  of  the  trench.  In  the  case  of  asbestos-cement  and  bell  and 
spigot  concrete  pipes*  the  first  stage  of  trench  filling  starts  with 
filling  the  Joint  construction  holes  with  loose  soil  with  thorough  com¬ 
pacting  by  beaters  and  bottom  swaggers  beneath  the  Joints.  Then  the 
space  between  the  pipes  and  trench  walls  Is  filled  In  20  cm  layers  up 
to  a  height  of  40-50  cm  over  the  pipe  top.  Wooden  tamping  tools  with 
wooden  handles,  surface  vibrators  and  pneumatic  tamping  machines  are 
used  for  compacting  of  soli  In  narrow  points  access  to  which  Is  dlffl- 
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cult.  Dry  soil  Is  compacted  by  layers  and  Is  moistened  by  water  in  the 
process. 

When  working  with  concrete  pipes  laid  on  an  artificial  foundation, 
the  trench  filling  Is  started  with  filling  the  space  between  the  pipes 
and  trench  walls  with  soil  and  thoroughly  compacting  It.  The  spaces  are 
I  filled  with  loose  soli,  free  of  lumps,  stones  and  other  hard  Inclusions 
I  which  Is  thereupon  compacted  to  a  height  of  40-50  cm  over  the  pipe  top. 

[  It  Is  ex  pedlent  to  perform  final  filling  of  the  trench  at  the  se- 

j  cond  stage  by  a  general  purpose  bulldozer  with  by-layer  compacting  (Fig. 
67?. 

i 

The  filling  of  trenches  beneath  airport  pavements  Is  the  most  crl- 
:  tlcal. 

j 

The  trench  bracings  are  dismantled  simultaneously  with  filling, 
j  also  taking  steps  against  caving  In  of  soli.  The  shoe!  >)lle  bracing  Is 
removed  In  the  case  when  its  dismantling  Is  provideci  for  in  the  plan. 

!  The  access  gulleys  and  discharge  structures  are  filled  by  layers  simul¬ 
taneously  with  the  filling  over  pipes. 

28.  CONSTRUCTION  OF  OPEN  MAIN  AND  INTERCEPTING  DITCHES 

Open  main  ditches  are  constructed  outside  the  limits  of  the  flying 
field  in  order  to  drain  water  from  the  outlet  of  the  closed  main  sewer 
into  the  water  intake.  These  ditches  usually  have  a  trapezoidal  cross 
section.  Their  size  is  determined  by  calculation. 

Intercepting  ditches  are  constructed  outside  the  flying  field  lim¬ 
its  to  protect  the  airport  site  from  outside  water  inflow  by  intercept¬ 
ing  and  draining  the  run-off  water  into  the  natural  depressions  of  the 
locality  and  nearby  reservoirs. 

Open  ditches  are  constructed  at  the  start  of  the  main  airport  con¬ 
struction  operations. 

The  entire  soil  removed  from  the  ditches  must  be  put  to  maximal 
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use  fop  vertical  grading  of  the  surface  of  the  flying  field  or  the 
drainage  system,  and  when  the  transverse  slope  of  the  locality  Is  mod¬ 
erate,  It  should  be  spread  out  at  the  ditch  edges  producing  a  slope  In 
the  direction  away  from  the  ditch  (without  weirs). 


Pig.  68.  Types  of  reinforcements  for  the  bottom  and  sides  of  ditches. 

1)  Wooden  stakes  (driven  in  every  40  cm  along  the  ditch  for  sod  strips 
or  4  pieces  per  sod  piece);  2)  crushed  stone,  gravel,  slag,  etc.;  3) 
piece  or  striD  sod;  4)  layer  of  straw,  moss,  etc.;  5)  large  stones 
(n  <m  12-16  cm);  6)  reinforced  soil;  7)  sod.  a)  Flatwise  covering  of 
slopes  by  sod;  b)  single -layer  stone  paving;  c)  cm;  d)  GV  [water  level]; 
e)  not  more  than  1:1.5;  f)  la  covered  with  sod  if  necessary;  g)  not  less 
than  25  cm;  h)  2  x  2  cm  In  cross  section;  l)  covering  of  slopes  with 
sod  In  the  upright  position;  J)  reinforcement  of  slopes;  k)  after  the 
sod  pieces  are  laid,  the  steps  are  cut  off  and  the  sIods  are  sowed  over; 
1)  Is  covered  over  flatwise;  m)  not  less  than  10  cm;  n)  30  x  50  cm  in 
The  plan. 

When  the  water  flow  rate  exceeds  that  maximally  allowable  for  the 
given  soil,  the  bottom  and  slopes  of  the  constructed  ditches  are  rein¬ 
forced  in  order  to  prevent  soli  erosion.  The  type  of  slope  and  bottom 
reinforcements  Is  determined  by  design.  The  ordinary  types  of  ditch  re¬ 
inforcements  are  continuous  sod  covering  or  paving  by  cobblestones  with 
fraction  dimensions  of  18-25  cm.  The  bottom  and  slopes  of  ditches  are 
paved  with  stones  to  a  height  of  10-15  cm  above  the  design  water  level 
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(Fig.  68).  The  remaining  part  of  the  slopes  above  the  pavement  Is  rein¬ 
forced  with  sod  up  to  the  edge  of  the  ditch. 

j 

j  Stone  pavements  are  placed  on  thoroughly  leveled  surfaces  of  the 

i 

*  |  ditch  slopes  and  bottom  on  a  layer  of  moss  or  straw.  The  paving  starts 

from  the  foot  of  the  slopes.  The  seams  oust  be  dressed. 

*  The  underlaying  material  may  not  be  pressed  In  between  the  stones. 

I  Piece  or  strip  sod  with  a  topsoil  layer  thickness  of  5-8  cm  from 

i 

* 

high  quality  meadow  sod  Is  used  for  sod  covering.  The  edges  of  sod  are 
’  cut  at  an  angle  In  order  to  form  closed  seams. 

f 

j  Before  the  sod  Is  laid,  the  slopes  are  covered  with  a  topsoil  lay¬ 

er  not  smaller  than  5  cm.  The  sod  Is  tightly  pressed  to  the  slope  by  a 
tamping  machine  and  Is  made  fast  by  wooden  stakes  25-30  cm  long.  The 

O 

amount  of  stakes  used  up  Is  15-26  pieces  per  1  meter  .  Voids  In  seams 
between  Individual  sod  pieces  are  filled  with  soli. 

The  sod  Is  best  placed  In  the  spring  or  late  fall.  The  team  con¬ 
sists  of  4  workers.  The  productivity  of  a  team  per  shift  Is  up  to  50 

2  2 
meters  In  constructing  the  stone  pavement  ar.d  up  to  228  meters  when 

sod  covers  the  slopes. 

29-  CONSTRUCTING  SIDE  DRAINS  AND  INTERCEPTING  DRAINS 

Side  drains  are  constructed  for  collecting  and  draining  excess  wa¬ 
ter  from  draining  foundations  of  pavements  at  airports  located  in  re¬ 
gions  with  excessive  moisture,  ar.d  also  on  argillaceous  and  clay  soli, 
■tide  drains  are  laid  outside  the  limits  of  artificial  pavements  at  a 
distance  of  1-1.5  meters  from  the  edge.  The  drains  are  led  Into  access 
gulleys  of  sewers;  here,  the  height  of  fill  over  the  drain  pipes  should 
be  rot  less  than  0.6  meters. 

Side  drains  are  constructed  from  earthen  pipes  50  mm  In  diameter 
or,  from  asbestrs-cement  pipes  r.ot  less  than  75  mm  In  diameter.  Silts 
,  3-4  mm  wide  reaching  2/3  of  the  pipe  diameter  are  cut  with  a  transverse 

-  189  - 


saw  In  asbestos -cement  pipes  every  30  cm.  The  ast^tos  cement  pipes  are 
laid  with  the  silts  downward. 

The  Joints  of  earthenware  pipes  and  the  silts  In  the  asbestor  ce¬ 
ment  pipes  are  covered  on  laying  with  moss  or  tar  Impregnated  matting 
In  a  layer  of  1-2  cm  In  the  dense  state. 


Pig.  69.  A  turn  In  a  side  drain  constructed  from  facing  stones,  l) 
Earthenware  (d  »  50-75  nun)  or  asbestos  cement  pipes  (d  =  75-100  mm); 

2)  moss  collars;  3)  facing  stone;  4)  asbestos  cement  pipe  (d  »  75-100 
mm);  5)  the  same  as  above  except  that  d  =  20u  mm;  6)  access  gulley; 

7)  silts,  a)  cm;  b)  detail  of  a  joint  In  a  earthenware  pipe;  c)  detail 
of  constructing  silts  In  asbestos  cement  pipes. 


A  turn  in  a  side  drain  Is  produced  by  using  facing  stones  or  by  a 
smooth  bend  with  a  radius  not  less  than  1  meter  at  an  angle  larger  than 
90°,  made  from  sections  of  asbestos-cement  or  earthenware  pli  s  30-32 
cm  in  length  (Fig.  69). 
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Construction  of  side  drains  consists  In  the  digging  of  the  trench, 
laying  of  pipes  and  sealing  the  Joints,  filling  the  trench  with  drain¬ 
ing  material,  final  filling  of  soli  Into  the  trench,  and  construction 
of  the  covering  pavement. 

The  digging  of  trenches  starts  only  after  the  section  has  been 
fully  supplied  with  all  the  materials  necessary  for  constructing  the 
side  drain.  The  trench  digging  should  not  precede  pipe  laying  by  more 
than  one  shift.  For  this  reason,  all  the  necessary  pipes,  moss  and 
draining  material  should  be  supplied  to  the  section  during  the  prepar¬ 
atory  period. 

The  trenches  are  dug  by  machines.  In  order  to  prevent  cave-ins, 
the  Internal  trench  slopes  are  constructed  with  a  1:1-1 :2  grade  and  the 
external  slopes  are  reinforced  by  sod  or  grass. 

When  ground  water  whose  level  Is  less  than  0.6  meters  away  from 
the  subpavement  trench  bottom  Is  present  at  sections  where  runway,  taxi 
way  and  apron  pavements  are  to  be  constructed  and  also  when  the  perched 
water  table  of  a  long  fall  and  spring  season  Is  at  a  high  level,  single 
side  or  intercept  drains  are  constructed. 

In  intercepting  ground  water  which  flows  under  the  pavement  from 
the  side  along  its  edges,  subgrade  Intercept  pipe  drains  are  construct¬ 
ed.  When  a  water-resistant  layer  is  available  at  moderate  depth,  the 
drains  are  laid  lr.  this  layer.  The  cress  section  of  subsurface  drainage 
p'yes  are  determined  by  engineering  calculations.  Earthenware  and  as¬ 
bestos  cement  pipes  are  used  for  this  drainage  system.  The  pipes  are 
laid  on  a  thoroughly  prepared  foundations  (lr.  weak  soil  the  foundation 
is  reinforced  by  a  10  cm  layer  of  tamped  crushed  stones),  pressing 
tlgh.ly  one  against  the  other;  here  the  pipe  Joints  are  not  wrapped. 
After  laying  the  pipes  are  filled  to  both  sides  and  from  the  top  by 
draining  material. 
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The  drains  are  filled  over  with  draining  material  In  layers  (10-15 
cm)  bringing  the  fill  up  to  the  level  of  the  pavement  foundation  sur¬ 
face.  Each  layer  Is  compacted  by  surface  vibrators  or  by  hand  tamping 
tools. 

The  drains  can  also  be  constructed  on  the  unpaved  part  of  the  fly¬ 
ing  field  In  the  form  of  a  systematic  draining  system  for  the  entire 
drained  area  (analogous  to  the  surface  drainage  network).  The  purpose  of 
constructing  a  systematic  drainage  system  Is  to  drain  away  excessive  wa¬ 
ter  from  the  surface  and  ground  pores  and  to  uniformly  lower  the  ground 
water  level  at  the  drained  section.  The  draining  trenches  can  in  this 
case  be  backfilled  with  soil. 

A  6  cm  thick  layer  of  moss  crsod  Is  spread  between  the  soil  and 
the  fill.  The  pipes  are  laid  before  the  level  at  which  the  soil  freezes 
over. 

The  entire  process  of  constructing  the  side  or  subsurface  drainage 
system  Is  performed  by  an  Integrated  brigade  of  combined  skills  con¬ 
sisting  of  6  workers. 

During  the  first  part  of  the  workday ,  two  workers  prepare  the  as¬ 
bestos  cement  pipes:  they  clean  it  of  dust,  cut  the  silts  with  a  trans¬ 
verse  saw  with  the  pipes  placed  on  a  saw  horse  and  lay  them  out  slong- 
slde  the  drain  axis  on  the  edge  of  the  pavement;  three  workers  finish 
off  the  trenches  and  grade  the  foundation  after  the  trench  excavator 
has  dug  them. 

Starting  with  the  second  half  of  the  workday,  three  workers  lay 
the  pipes,  seal  the  Joints,  place  and  compact  the  draining  material 
layer  by  layer,  and  the  other  three  workers  continue  the  filling  of  the 
trench.  The  productivity  of  this  brigade  Is  100-120  linear  meters  of 
side  or  subsurface  drains  per  shift. 

Intercepting  drains  serve  to  Intercept  and  drain  away  surface  wa- 


ter  from  the  flying  field.  They  can  be  made  of  pipes  as  well  as  without 
pipes. 

Pipe  intercepting  drains  are  constructed  in  the  same  manner  as  the 
drainage  system,  from  ceramic,  earthenware  or  asbestos  cement  pipes  75-100 
mm  in  diameter. 

Pipeless  inters -c: or  drains  are  constructed  at  noncritlcal  sections 
of  the  flying  field  of  permanent  airports  with  dense  soil  and  also  at 
temporary  landing  strips.  The  filtering  material  is  filled  into  the  in¬ 
tercepting  drain  immediately  after  the  digging  of  trenches.  The  time 
interval  between  digging  and  filling  should  not  exceed  one  shift,  since 
open  trenches  which  are  not  filled  cave  in  very  rapidly. 

To  provide  for  high  stability  of  the  flying  field  surface,  the  up¬ 
per  part  of  interceptor  drains  is  treated  with  hot  bitumen  (6-8  liters/ 
/meter  )  by  the  impregnation  method,  or  are  covered  with  sod,  leaving 
a  water  intake  slot  up  to  30  cm  wide.  The  interceptor  drain  may  not  be 
completely  covered  with  sod,  since  this  will  result  in  poor  operation. 

30.  HYDRAULIC  STRUCTURES  ON  THE  i.'4TER  DRAINAGE  NETWORK 

The  main  hydraulic  structures  of  the  drainage  network  of  an  air¬ 
port  flying  field  are  access  gulleys,  standard  and  reinforced  type 
catch  basins,  discharge  Installations  of  main  and  intercepting  ditches, 
connections  of  intercepting  drains  with  drainage  conduits,  etc.  All  the 
hydraulic  structures  serve  for  Inspection,  maintenance  and  repair  of 
the  water  draining  network  during  the  time  it  is  in  service. 

Constructing  the  Access  Gulleys 

Access  gulleys  are  assembled  from  slabs  produced  at  the  construc¬ 
tion  site,  or  are  made  in  one  piece,  by  pouring  concrete  on  the  spot. 

Acct  „s  gulleys  constructed  from  slabs  are  used  when  their  height  Is  not 
less  tr.an  I.36  meters. 

'When  several  large  diameter  sewers  are  discharging  into  a  Junction 
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Fig.  70.  Scheme  of  preparatory  operations  In  constructing  an  assembled 
access  gulley.  1)  Upper  section;  2(  middle  section:  3)  lower  section; 

4)  box  for  the  mix;  5)  soli  pile;  o)  sight  rail;  7;  trench,  a)  from 
4.0  to  5*0  meters. 

gulley,  it  Is  made  in  a  single  piece  by  pouring  concrete  on  the  spot  In 
accordance  with  Individual  working  drawings. 

The  access  gulleys  should  as  a  rule,  be  constructed  before  the 
pipes  of  water  run-off  and  draining  networks  are  laid. 

Operations  pertaining  to  the  construction  of  an  access  gulley  con¬ 
sist  in  marking  off  of  the  gulley  axes,  digging  the  pit,  constructing 
the  pit  wall  bracing,  a  crushed  stone  or  gravel  subfoundation,  rein¬ 
forced  concrete  foundation,  the  working  chamber  and  the  throat  of  the 
gulley,  the  gulley  cover,  filling  the  gulley  and  the  construction  of  a 
pavement  around  the  access  gulley. 

The  construction  of  the  access  gulley  begins  after  the  sewer 
trench  has  been  dug  and  Is  ended  before  the  pipes  are  laid. 

Before  the  access  gulley  produced  from  precast  slabs  Is  construct¬ 
ed,  Its  axes  are  staked  out,  sight  rails  are  set  In  place,  the  pit 
walls  are  braced  If  necessar.  ,  and  the  gulley  sections  and  foundation 
material  Is  brought  In  (Fig.  70). 

A  gulley  pit  may  be  dug  with  vertical  walls  without  bracing  In  dry 


dense  soil  for  a  depth  of  up  to  3  meters.  For  a  trench  depth  over  3  me¬ 
ters  in  unstable  or  overmoist  soil,  the  vertical  pit  walls  are  braced. 
The  gulley  pit  is  dug  to  the  design  elevation.  The  bottom  level  is 
checked  by  a  leveling  rod  and  a  sighting  rod. 

The  gap  between  the  leveling  rod  and  the  pit  bottom  surface  should 
not  exceed  2  cm.  Leftover  soil  can  be  dug  out,  while  excessive  depth  Is 
eliminated  by  increasing  the  thickness  of  the  crushed  stone  or  slag 
subfoundation. 

The  dimensions  of  the  pit  in  the  plan  should  correspond  to  the  di¬ 
mensions  of  the  crushed  stone  (slag)  subfoundation.  After  the  pit 
foundation  is  cast,  the  crushed  stone  (slag)  subfoundation  is  construct¬ 
ed  in  accordance  with  plan. 

In  heaving  soil-  a  slag  pillow  20-25  cm  thick  made  from  graded 
boiler  slag  is  constructed  instead  of  the  crushed  stone  subfoundation 
of  access  gulleys.  The  crushed  stone  or  slag  is  filled  in  layers  10-12 
cm  thick  with  subsequent  leveling  out  and  compaction  of  each  layer  with 
attendant  moistening  with  water.  After  the  suDfoundation  layer  has  been 
filled  and  compacted  to  the  design  height,  its  level  is  checked  by  a 
leveling  tool.  The  gap  between  the  level  and  the  subfoundation  surface 
should  not  exceed  0.3  cm. 

The  conformance  of  the  obtained  subfoundation  elevations  to  their 
design  values  are  checked  by  traveling  ranging  rods  between  two  adja¬ 
cent  sight  rails.  A  2  cm  tnlck  blanket  consisting  o!'  a  sand  bitumen 
mixture  is  placed  on  projecting  edges  of  the  slag  subfoundation  in  heav¬ 
ing  soil. 

The  foundation,  tne  working  chamber  and  tlv.  throat  of  the  access 
gulleys  are  assembled,  by  using  truck  cranes,  from  precast  slabs,  cast 
at  the  si’.e's  concrete  and  reinforced  concrete  product  section.  Before 
installation,  the  gulley  sections  should  be  thoroughly  Inspected,  ope- 
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elal  attention  should  be  paid  to  damage.  Slabs  with  chipped  edges  and 
cracks  nay  not  be  Installed.  The  point  at  which  the  sections  are  Joined 
should  be  cleaned  of  dust  and  dirt  by  a  metal  brush. 

The  gulley  slabs  are  strapped  to  the  truck  crane  by  four  Installa¬ 
tion  slings.  The  hoisted  section  should  hang  from  the  slings  in  a 
strictly  level  position. 

The  lower  section  containing  holes  for  the  sewer  pipes  Is  first 
lowered  on  the  crushed  stone  foundation  and  leveled  by  a  level,  placing 
large  flat  pieces  of  crushed  stone  under  the  foundation.  Then  the  sec¬ 
tion  is  raised  and  a  leveling  layer  of  cement  gtout  with  1:2  composi¬ 
tion  not  less  than  2  cm  thick  is  poured  on  the  crushed  stone  subfounda¬ 
tion.  Then  the  section  is  lowered  and  the  accuracy  with  which  It  sits  In 
both  the  vertical  and  horizontal  direction  is  checked.  Special  atten¬ 
tion  should  be  paid  to  proper  location  of  the  pipe  holes. 

After  the  lower  slab  has  been  finally  placed.  It  is  seated  by  a 
vibrator  placed  at  the  surface  of  the  section  or  Inside  the  working 
chamber. 

The  middle  section  of  the  working  chamber  of  the  gulley  is  assem¬ 
bled  as  follows: 

the  ends  of  the  lower  and  middle  section  are  cleaned  with  a  metal 
brush  (the  ends  of  the  sections  are  provided  with  projections  to  pre¬ 
vent  relative  d  splacement  of  the  sections); 

a  1-1. 5  cm  layer  of  cement  gtout  Is  placed  on  the  upper  edge  of 
the  bottom  section; 

the  middle  section  Is  lowered  by  the  truck  crane  and  placed  on  the 
bottom  section;  the  cement  gtout  which  Is  displaced  from  the  Joint  by 
this  action  Is  smoothed  over  by  a  trowel  on  the  outside  and  Inside  of 
the  gulley. 

The  upper  section  of  the  gulley  Is  assembled  similarly.  The  cor- 
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rectness  of  section  placement  Is  checked  during  the  operations  by  a 
leveling  rod. 

After  the  correctness  of  placement  has  been  checked  In  the  plan, 
and  with  respect  to  the  elevation,  the  sections  are  joined  together  by 
brackets  or  by  welded  cover  plates  (Fig.  71). 

In  connecting  with  brackets  (Fig.  71a)  the  existing  holes  In  the 
sections  are  cleaned  of  dust  and  dirt  and  are  washed  with  water.  The 
ends  of  the  brackets  are  cleaned  of  rust  and  dust.  Then  the  brackets 
are  placed  In  the  holes  provided  for  In  the  sections  and  are  sealed 
with  wet  expansion  cement,  compacting  with  a  special  calking  Iron.  The 
diameter  of  holes  In  the  sections  should  be  by  2-3  cm  larger  than  the 
cross  section  of  the  bracket.  The  external  part  of  the  bracket  (along 
the  vertical  slot)  Is  covered  with  cement  gtout  with  a  1:3  composition 
to  create  a  corrosion  resistant  layer  not  less  than  2-3  cm  thick. 

The  gulley  sections  can  be  Joined  by  cover  plates  (Fig.  71c), 
welding  them  to  anchor  hooks.  After  welding,  the  slots  In  which  the 
cover  plates  are  placed  are  sealed  with  cement  gtout  to  create  a  pro¬ 
tective  concrete  layer  to  prevent  corrosion  of  the  cover  plates  and  an¬ 
chor  hooks.  Access  gulleys  constructed  from  precast  slabs  are  economi¬ 
cal  and  ensure  rapid  and  flow  construction  of  the  water  drainage  system 
at  oirports. 

The  bottom  sections  of  gulleys  are  usually  of  different  height  In 
accordance  with  the  topography  of  the  site,  for  which  reason  each  bot¬ 
tom  slab  should  be  produced  at  the  casting  area  In  forms  of  different 
length. 

This  Is  the  reason  why  the  lower  section  of  a  gulley  Is  sometimes 
poured  on  the  spot  which,  however,  is  not  In  conformance  with  indus¬ 
trializing  of  construction  methods. 

All  the  operations  Involved  In  the  construction  of  access  gulleys 
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are  performed  by  an  Integrated  brigade  of  various  skills  consisting  of 
4  workers.  The  productivity  of  a  brigade  Is  2-3  access  gulleys  per 
shift. 

When  the  access  galley  Is  poured  on  location,  a  side  form  made 
from  boards  40-45  on  thick  supported  by  lugs,  which  rest  on  the  brac¬ 
ings  or  on  the  pit  walls.  Is  constructed. 

The  concrete  mixture  for  pouring  the  foundation  Is  supplied  to  the 
pit  through  wooden  troughs  or  by  using  buckets.  The  supplied  concrete 
mix  Is  distributed  uniformly,  compacting  first  by  a  rod  and  then  by  a 
surface  vibrator.  When  the  concrete  sets,  the  foundation  Is  covered  by 
a  4-5  cm  layer  of  fine  sand  which  Is  kept  moist.  After  the  concrete  or 
reinforced  concrete  foundation  hardens,  a  wooden  screen  form  Is  con¬ 
structed  for  pouring  the  working  chamber. 


Fig.  71.  Details  of  butt  Joints  of  gulley  sections,  a)  With  a  bracket: 
b)  detail  of  a  sliding  bracket  installation;  c)  with  a  cover  plate.  1) 
Connecting  bracket  (<t  16,  is  73  cm,  8  pieces  per  section);  2)  bracket 
slot;  3)  anchor  hook  (c  16,  is  26  cm,  16  pieces  per  section).  Is 
welded  to  the  gulley  reinforcements;  4)  cover  plate  (c  16,  i  =  23  cm, 

8  pieces  per  section);  5)  slot;  6)  welded  seam;  7)  sliding  bracket.  A) 
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Detail  A;  B)  (with  bracket);  C)  (without  bracket);  D)  Is  sealed  with 
grout  after  the  bracket  la  placed;  E)  (with  cover  plate);  P)  front 
(without  cover  plate);  G)  after  welding,  it  Is  sealed  by  cement  grout. 

Wooden  stoppers  wrapped  with  tar  paper  are  placed  at  all  points 
where  pipes  of  drains.  Intercepting  drains,  drainage  conduits,  drain¬ 
pipes  and  sewers  are  connected  to  the  gulley.  When  a  sewer  with  large 
diameter  pipes  Is  connected  to  the  gulley,  the  wooden  stoppers  are  re¬ 
placed  by  the  pipes  proper,  whose  ends  are  wrapped  with  roll  material. 

In  order  to  provide  a  gap  of  not  less  than  2-3  cm  between  the  pipe  and 
the  gulley  wall. 

The  concrete  mix  Is  packed  Into  the  forms  in  layers  of  15-<;0  cm 
and  is  compacted  by  sticks  and  vibrating  pins.  After  concrete  has  been 
packed  to  produce  the  working  chamber,  forms  are  installed  for  pouring 
the  throat  and  top  of  the  gulley.  The  forms  are  reinforced  from  the  in¬ 
side  by  thrust  bars  and  from  the  outside  by  metal  hoops  from  strip  Iron. 
The  throat  and  the  upper  part  of  the  gulley  should  be  poured  with  spe¬ 
cial  care.  The  forms  are  dismantled  when  the  concrete  strength  reaches 
20-25  kg/cm  ,  carefully,  without  hitting  them  by  a  hammer. 

After  the  forms  are  removed,  the  external  surface  of  the  gulley  is 
covered  by  mats  or  by  sack  material,  which  is  kept  in  the  moist  state 
for  6-8  days.  The  access  gulleys  are  temporarily  (until  permanent  cov¬ 
ers  are  constructed)  covered  from  the  top  by  wooden  screens. 

Not  less  than  5  times  per  24  hours  the  internal  surface  of  the 
c-.lle.s  should  be  generously  poured  over  with  water.  After  6-8  days,  a 
gutter  which,  within  the  limits  of  the  guile.,  ,  replaces  the  sewer  pipe, 
is  cast  in  all  access  gulleys  of  the  main  sewer,  using  a  wooden  tem¬ 
plate,  The  bottom  cross  section  of  the  gutter  is  semicircular  in 
shape  with  a  diameter  equal  to  the  internal  diameter  of  the  sewer  pipe; 
the  gutter  v.alls  are  provided  with  a  weir,  w.th  a  slope  of  not  less 
than  0.03  away  from  the  gulley  walls  toward  the  gutter.  The  turns  of 
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gutters  in  corner  and  Junction  gulleys  should  be  smooth,  the  turning 
angle  should  not  be  less  than  90°. 

The  surface  of  gutters  and  weirs  should  be  plastered  with  cement 
grout  with  a  1:1  or  1:2  composition  with  Iron  coating. 

All  the  Joints  between  sewer  pipes  and  the  gulleys,  as  well  as 
the  connections  of  drainpipes,  drainage  conduits  and  drains  are  made 
elastic.  The  access  gulley  pit  Is  filled  at  the  same  time  as  the  sewers. 
Before  gulleys  situated  below  the  surface  are  filled,  they  should  be 
provided  with  covers. 

Covers  for  rectangular  gulleys  are  made  from  rectangular  reinforced 
concrete  plates,  and  round  (single-piece  or  welded)  covers  are  used  for 
round  gulleys. 

Before  filling,  if  this  is  provided  for  by  the  plan,  water  Insula¬ 
tion  (a  bitumen  layer)  is  put  on  the  outside  surface  of  the  access  gul¬ 
leys. 

In  constructing  access  gulleys  whose  covers  protrude  above  the 
surface  after  filling,  a  crushed  stone  pavement  20  cm  thick  and  0.7-1 
meters  wide  must  be  constructed  around  them.  The  pavement  surface  Is 
treated  by  Impregnating  with  bitumen  to  a  depth  of  6-8  cm.  Covers  of 
access  gulleys  at  the  beginning  of  the  network,  at  turns  and  at  de¬ 
pressed  surface  levels  are  produced  In  the  form  of  a  grating  In  order 
to  provide  for  Intake  of  surface  water,  and  are  located  3-5  cm  below 
the  design  surface  of  the  ground.  These  access  gulleys  are  called  drain¬ 
age  Inlets. 

Constructing  Catch  Basins 

Catch  basins  are  constructed  for  receiving  and  dralt.lng  surface 
water  from  the  gutters  of  runway,  taxiway  and  apron  pavements  Into  sew¬ 
ers. 

The  catch  basins  are  constructed,  after  the  subfoundation  trench 


j  is  completed,  on  the  axis  of  gutter  location  of  concrete  and  reinforced 
‘|  concrete  pavements.  Pits  for  the  basins  are  dug  only  after  they  have 
j  been  staked  out,  the  sight  rails  have  been  placed  and  after  the  neces- 

i 

$ 

sary  materials,  tools  and  equipment  for  performing  the  work  has  been 
delivered  (FIs-  72). 

Catch  baslrs  are  constructed  from  precast  slabs  produced  at  the 
site  or,  less  frequently,  they  are  made  In  one  piece  by  pouring  them  on 
the  spot.  The  construction  of  catch  basins  and  drainpipes  should  be 
finished  before  the  concrete  Is  poured  t^  produce  gutters  at  the  given 
section. 

7 

I 

The  composition  of  catch  basin  construction  operations  includes: 
staking  out  the  pit,  digging  the  pit  for  the  basin  and  trenches  for  the 
drainpipes,  construction  of  foundation,  placing  the  basin  slab,  con¬ 
structing  the  drainpipe,  backfilling  with  soil  and  covering  with  water 
Insulating  materials. 

In  staking  out  the  pit  for  catch  basins,  two  sight  rails  are 
placed  and  pegs  are  driven  in  along  the  basin  pit  boundary.  The  pit  di¬ 
mensions  are  the  same  exactly  as  the  dimensions  of  the  basin  founda¬ 
tions  (see  Fig.  72). 

The  basin  pit  is  usually  dug  to  the  design  elevation  without  brac¬ 
ing  the  walls.  The  level  of  the  pit  bottom  is  checked  by  a  template 
sighting  rod.  The  gap  between  the  rod  and  the  pit  bottom  surface  should 
not  exceed  2  cm.  If  the  pit  is  deeper  than  required,  this  is  remedied 
by  increasing  tne  thickness  of  the  crushed  stone  or  slag  foundation. 

The  trench  for  drainpipes  is  dug  to  a  depth  which  is  smaller  than 
the  design  depth  by  1/4  diameter  of  the  drainpipe  to  be  used.  Directly 
before  the  drainpipes  are  laid  in  the  trench,  its  depth  is  brought  up 
to  the  design  depth,  and  the  soil  foundation  is  graded  to  provide  for 
stable  support  of  the  pipes. 
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The  artificial  foundation  of  the  catch  basin  Is  constructed  In  the 
fora  of  a  crushed  stone  foundation  made  from  commercial  grade  crushed 
stone.  The  thickness  of  the  crushed  stone  foundation  Is  specified  by 
the  design. 

In  heaving  soil  the  crushed  stone  catch  basin  foundation  Is  re¬ 
placed  by  a  slag  pillow  20-25  cm  thick,  made  from  sifted  boiler  slag. 

The  crushed  stone  or  slag  Is  placed  on  the  foundation  In  10-12  cm  thick 
layers  and  Is  compacted  by  layers  using  hand  tamping  tools.  After  the 
upper  layer  has  been  compacted,  the  template  sighting  rod  Is  used  for 
checking  the  level  of  the  surface  of  the  foundation  thus  obtained.  The 
gap  between  the  rod  and  the  foundation  surface  should  not  exceed  0.3  cm. 
Conformance  of  the  obtained  elevations  of  the  foundation  surface  to  the 
design  specifications  is  determined  by  a  traveling  leveling  rod  and 
template  rod,  which  Is  placed  on  edge  on  the  upper  surface  of  the  sight 
rails.  The  final  elevation  of  the  surface  of  the  foundation  thus  con¬ 
structed  Is  checked  by  leveling. 

Before  the  basin  slab  Is  placed  In  the  pit.  It  should  be  thorough¬ 
ly  Inspected  and  should  not  contain  cracks,  chlpplngs,  dents,  blowholes 
and  other  defects.  The  lower  face  (foot)  of  the  slab  should  be  cleaned 
of  dust  and  dirt  by  a  metal  brush. 

The  slab  Is  placed  In  the  pit  by  a  team  consisting  of  3  workers 
using  a  truck  crane.  The  slab  should  be  strapped  so  that  on  being  low¬ 
ered  In  tne  pit  It  should  always  retain  Its  vertical  position,  and, 
when  moved  Into  place  It  should  touch  simultaneously  at  all  points. 

The  basin  slab  Is  first  lowered  directly  on  the  foundation  which 
was  prepared.  The  accuracy  of  seating  Is  checked  from  the  sight  rails 
using  a  leveling  rod.  If  a  slant  is  discovered,  crushed  stone  pieces 
and  wooden  wedges  are  placed  beneath  the  slab's  edges.  Then  the  basin 
Is  raised  and,  without  removing  the  Inserts,  the  foundation  Is  covered 


Fig.  72.  Constructing  a  catch  basin  from  precast  slabs,  a)  Scheme  for 
placing  the  sight  rails;  b)  Installing  the  catch  basin  sections.  1) 
contour  of  the  concrete  pavement  slab;  2)  axis  of  the  concrete  pavement 


boundary  of  the  catch  basin  pit;  k)  axis  of  the  drainpipe 
boundary  of  the  drainpipe  trench;  6)  sight  rail  (a  5  x  15  cm 
basin  section;  8)  truck  crane  hook;  9)  template  rod  (5x5 
cm);  id)  leveling  cement  grout  layer;  11)  sifted  slag  foundation.  A)  cm 
B)  design  elevation  of  the  upper  edge  of  the  basin. 


gutter;  3) 
trench;  5 
board);  7 


by  a  leveling  layer  of  lean  cement  grout,  whereupon  the  basin  Is  perman¬ 
ently  seated. 

Care  should  be  taken  In  the  process  of  seating  the  slab  that  the 
side  surfaces  of  the  basin  should  be  directed  parallel  to  the  sight 
rails  and  be  located  at  an  equal  distance  from  them,  and  also  that  the 
basin  center  should  coincide  with  the  axis  of  the  concrete  pavement 
gutter.  The  elevations  cf  the  upper  face  of  the  basin  being  Installed 
are  finish  checked  by  leveling;  the  deviation  from  the  design  elevation 
may  not  exceed  5  mm. 

After  the  basin  Is  seated,  a  sand  and  bitumen  blanket  2  cm  thick 
Is  placed  along  the  perimeter  of  the  protruding  parts  of  the  foundation. 

The  drain  pipes  are  laid  directly  on  the  soli  of  trenches.  The 
soli  Is  dug  out  to  the  design  depth  and  the  foundation  Is  graded  by  a 
rounding  off  tool  Immediately  before  pipe  laying.  If  the  drainpipes  are 


laid  on  sandy  soli*  then  the  rounding  tool  Is  not  "sed. 

The  ends  of  pipes  at  the  points  at  which  they  Join  the  catch  ba¬ 
sins  and  access  gulleys  are  Joined  by  an  elastic  Joint. 

The  catch  basin  walls  are  backfilled  by  water-resistant  soil  which 
Is  compacted  by  layer  using  tamping  tools.  The  following  method  Is  used 
for  producing  water  resistant  soil:  brand  5  liquid  bitumen  heated  to  a 
temperature  of  100°,  In  tue  amount  of  5-6  kg  per  1  meter^  of  sand  or 
ash  and  9-12  kg  of  green  soap  Is  added  to  fine  grained  sand  or  ash 
heated  to  a  temperature  of  170-200°.  The  mixture  thus  obtained  Is  tho¬ 
roughly  mixed,  cooled  and  then  used  for  backfilling  the  basins.  The 
drainpipes  are  filled  by  the  previously  dug  soli  In  15-20  cm  layers 
which  are  thoroughly  compacted  by  tamping  tools  or  vibrators  and  mois¬ 
tened  with  water.  After  the  catch  basin  Is  permanently  filled,  a  2  cen¬ 
timeter  water  Insulating  sand -and -bitumen  blanket  with  dimensions  of  at 
least  150  cm  is  constructed  around  It  along  the  trench  bottom  in  order 
to  prevent  erosion  of  soli. 

The  blanket  Is  constructed  by  covering  the  graded  area  by  a  2  cm 

thick  layer  of  sand  and  then  pouring  hot  bitumen  In  the  amount  of  3-4 

2 

kg  per  1  meter  from  the  D-125A  hand  asphalt  spreader,  simultaneously 
mixing  the  sand  with  a  rake. 

When  the  pavement  concrete  Is  placed,  a  bitumen  layer  2  cm  thick 
Is  placed  between  the  pavement  and  the  walls  of  the  basin  along  Its 
perimeter  In  order  to  prevent  water  from  falling  Into  the  catch  basin 
foundation  and  In  order  to  Increase  its  stability. 

The  external  surfaces  of  the  catch  basin  are  covered  by  a  1-2  mm 
layer  of  bitumen  mastic,  which  are  laid  over  a  layer  of  bitumen  paste 
or  thinned  bitumen. 

In  constructing  pavements  on  argillaceous  soli,  the  catch  basins 
are  constructed  In  the  form  of  a  storm  sewer  with  a  metal  hinged  drain- 


pipe  Inlet  (Fig.  73). 

In  constructing  a  storm  sewer,  an  asbestos  cement  drainpipe  Is 
laid  first;  one  of  Its  ends  Is  provided  by  a  hinged  metal  Inlet  with  a 
wooden  end  cap  and  the  other  Is  connected  to  an  access  gulley.  A  storm 
water  Inlet  is  constructed  when  the  gutter  Is  concrete  poured. 


Fig.  73*  Storm  sewer,  l)  Sealing  with  cement  grout  (1:3);  2)  Impregnat¬ 
ing  with  bitumen  (6-8  cm);  3)  drain;  4)  asbestos  cement  pipe;  5)  sur¬ 
face  of  the  trench  bottom  beneath  the  gutter  slabs;  6)  welded  seams 
(along  the  perimeter);  7)  reinforced  bitumen  Join"  or  union;  8)  an  el¬ 
bow  welded  from  steel  pipes;  9)  bituminous  yam;  10)  bitumen  mastic,  a) 
Dvn;  b)  dn. 

Efficiency  experts  have  elaborated  a  special  vibrating  frame,  made 
from  a  wooden  beam  topped  with  the  1-117  vibrator  (Fig.  7*0  to  be  used 
In  constructing  storm  Inlets  In  gutter  slabs. 

The  form  Is  made  from  a  single  wooden  beam  whose  dimensions  are 
1800  x  350  x  310  mm. 

After  the  form  Is  filled  with  concrete  mix,  the  vibrator  Is 
switched  on  and  the  storm  sewer  Is  formed  by  being  compacted  by  the  vi¬ 
brating  frame  exactly  to  the  design  size.  The  vibrating  frame  makes  it 
possible  to  quality  mold  a  storm  sewer  made  from  thick  concrete  mix. 

T.e  concrete  Is  vibrated  for  2-3  minutes.  After  the  gutter  slab  surface 

n 

Is  finished,  the  vibrating  frame  Is  removed  from  the  storm  inlet  and  Is 
moved  over  to  another  place.  The  vibrating  frame  can  be  produced  Inter¬ 
nally  by  the  construction  organization. 


Drainage  Inlets  are  constructed  for  draining  Into  sewers  water 
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from  closed  depressions  on  the  unpaved  part  of  the  flying  field  and 
from  sell  gutter  sections  [located]  between  runways,  taxlways  and  aprons. 
By  their  design,  the  drainage  Inlets  are  similar  to  reinforced  catch 
basins.  Drainage  Inlets  are  constructed  by  pouring  concrete  on  location 
or  from  precast  slabs,  analogous  to  the  manner  In  which  catch  basins 
are  made. 

In  constructing  drainage  inlets,  they  are  surrounded  by  a  crushed 
stone  or  gravel  pavement  25  cm  thick. 

The  pavement  should  be  located  below  the  surrounding  surface  by 
3-4  cm,  and  the  Inlet  cover  should  be  lower  than  the  pavement  surface 
by  3-5  cm.  The  pavement  surface  Is  treated  by  bitumen  to  a  depth  of  6-8 
cm.  The  water  Is  drained  from  the  drain  Inlets  through  drainpipes  Into 
sewers  which  remove  the  water  from  the  airport  limits. 

Discharge  Installations  (headwalls)  are  constructed  at  points  at 
which  the  covered  drainage  system  Is  Joined  to  the  open  main  ditch. 

The  supporting  wall  and  side  walls  are  constructed  fran  concrete, 
brick  and  aggregate  filled  concrete  either  as  precast  slabs  or  monoli¬ 
thic.  The  headwalls  must  be  finished  before  the  sewer  pipes  are  laid  at 
the  given  section. 

Before  the  headwall  is  constructed,  the  open  drainage  ditch  should 
be  completely  finished. 

The  reinforced  concrete  headwall  slabs  are  cast  at  the  construc¬ 
tion  site.  Precast  slab  headwalls  are  very  economical  and  effective  In 
weak  quicksand  and  In  the  presence  of  ground  water. 

When  constructing  a  monolithic  headwall,  the  form  Is  made  at  the 
construction  section  and  Is  transported  to  the  pouring  location  In  the 
form  of  Individual  screens.  The  form  Is  assembled  In  the  following  se¬ 
quence  : 

the  screens  of  the  support  wall  form  are  placed  and  reinforced  by 


206 


Fig.  7h.  Vibrating  frame  for  constructing  a  storm  sewer.  1)  Bearing 
frame  (made  from  angle  steel);  2)  the  1-117  vibrator;  3)  lever  (metal, 
d  =  16  mm),  a)  Side  view;  b)  top  view;  c)  bottom  view. 


a  leveling  Instrument  from  a  temporary  reference  benchmark; 

the  edges  of  the  support  wall  form  and,  of  the  form  which  will 
produce  the  cylindrical  hole  for  the  sewer  pipe  are  lined  (best  of  all 
a  pipe  section  with  a  wrapped  end  should  be  placed  In  the  mold  hole  In 
stead  of  lining); 

the  form  for  pouring  the  side  walls  and  the  gutter  Is  placed; 
the  form  Is  filled  from  the  sides  by  soil  which  Is  thoroughly  com 
Pacted  In  layers. 


Before  the  sewer  pipes  are  laid,  but  not  earlier  than  3  days  from 

the  day  that  the  concrete  mix  was  poured,  the  form  Is  dismantled. 

The  head wall  Is  filled,  the  surface  Is  graded  and  the  slopes  are 

reinforced  simultaneously  with  filling  the  sewer  pipes  after  they  have 

been  laid  and  accepted  by  the  representative  of  the  ordering  authority. 

31.  SAFETY  MEASURES  IN  CONSTRUCTING  THE  DRAINAGE  SYSTEM,  ACCEPTING  AND 
SURRENDERING  OF  WORK 

Safety  Measures 

Materials  and  the  dug  up  soil  may  not  be  piaced  closer  than  0. 5 

meter  from  the  trench  edge.  Machines  with  engines  in  operation  may  be 

placed  only  outside  the  limit  of  the  cave-ln  plane  of  the  trench. 

The  trench  bracings  must  be  disassembled  In  the  presence  of  the 

person  responsible  for  the  work  of  a  foreman.  If  removal  of  bracings 

•  • 

Is  dangerous  tc  people  and  structures,  then  the  bracings  should  be  left 
In  the  ground. 

•  • 

Standard  bridges  with  a  continuous  floor  not  less  than  0.7  meters 
wide,  and  wlth-strong  railings  not  lower  than  1  meter  should  be  placed 
for  the  passage  of  workers  through  open  trenches  and  ditches. 

The  workers  should  descend  and  ascend  trenches  through  metal  or 
wooden  ladders  with  set-ln  steps.  The  trench  may  not  be  entered  by  way 
not  be  placed  on  the  thrust  beams  of  the  bracing. 

During  the  operation  of  multibucket  trench  excavators.  It  is  for¬ 
bidden  to  stand  at  the  edge  of  the  trench  In  the  vicinity  of  the  bucket 
frame  and  to  walk  beneath  an  operating  conveyer  chain. 

The  weight  lifting  capacity  of  equipment  and  devices  used  for  low¬ 
ering  pipes  Into  the  trench  should  be  recorded  on  them  In  fast  paint. 
Workers  which  unload  and  lower  the  pipes  should  know  the  lifting  capa¬ 
city  of  the  equipment,  and  also  the  weight  of  pipes  and  other  raised 
or  lowered  slabs  and  parts.  The  weight  of  the  pipe'  together  with  the 
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the  straps  should  not  exceed  the  lifting  capacity  of  the  equipment. 

Truck  cranes  should  not  move  In  the  process  of  unloading  and  low¬ 
ering  of  pipes. 

The  pipes  can  be  raised  and  lowered  only  by  signal  of  the  person 
responsible  for  the  work  smoothly,  without  Jerks. 

Workers  should  not  be  present  In  that  part  of  the  trench  into 
which  pipes  or  slabs  are  being  lowered. 

The  pipe  may  be  approached  only  after  It  lies  down  securely  at  the 
trench  bottom. 

The  supports  of  sawing  horses  used  for  lowering  of  pipes  should  be 
placed  on  pads,  placed  at  a  distance  of  not  less  than  0.6  meters  from 
the  trench  edge. 

Bitumen  must  be  heated  in  a  boiler  with  a  metal  cover,  which 
should  be  located  not  less  than  20  meters  away  from  structures  and  ware¬ 
houses.  The  hot  bitumen  should  be  supplied  to  the  work  place  In  steel 
tanks  with  covers.  When  laying  a  bitumen  pavement,  the  workers  must 
wear  gloves  and  goggles. 

Accepting  and  Surrendering  the  Work 

Systematic  thorough  control  of  all  kinds  of  operations  must  be 
maintained  In  the  process  of  work  In  constructing  a  water  drainage  sys¬ 
tem;  the  quality  of  conformance  to  design  specifications  of  all  the  ba¬ 
sic  materials  used,  pipes,  standard  elements,  components  and  other  ma¬ 
terials  both  obtained  from  plants  as  well  as  produced  at  the  construc¬ 
tion  site  must  also  be  checked.  In^addltlon  to  dally  control  of  the 
performance  of  operations,  thorough  documentation  ar.d  Intermediate  sur¬ 
rendering  to  the  representative  of  the  ordering  authority  Is  required 
with  respect  to  finished  operations  pertaining  to  the  construction  of 
individual  elements  or  sections  cf  the  water  drainage  systems  which  are 
covered  over  by  subsequent  operations. 
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Documentation  and  lntennedlate  surrendering  Is  performed: 

after  the  trenches  and  ditches  are  dug,  in  order  to  check  the 

straightness  of  the  sections  and  the  conformance  of  elevations  and 
# 

grades  to  design  specifications; 

after  laying  foundations  for  pipes; 
after  laying  of  pipes  and  sealing  of  Joints; 

before  the  pipes,  gulleys  and  basins  are  filled  and  after  filling 
of  trenches. 

The  surrender  and  acceptance  of  drainage  systems  are  formalized  by 
an  act. 

The  following  must  be  presented  when  permanent  operation  Is  to  be¬ 
gin:  all  the  engineering  design  documentation  of  the  drainage  network, 
working  drawings  with  modifications  and  supplements  to  the  plan  which 
have  arisen  during  construction,  acts  pertaining  to  covered  over  work, 
acts  pertaining  to  preliminary  working  tests  of  the  sewer  and  drainage 
conduit  pipes.  Selective  hydraulic  tests  of  the  sewer  are  performed 
during  acceptance,  should  the  commission  require  it. 

The  tests  are  performed  with  water  under  pressure,  as  in  the  case 
of  the  working  tests,  which  were  described  above. 

Observation  of  seepage  begins  a  day  after  the  section  under  test 
hass  been  filled  with  water.  The  correctness  of  the  network's  slopes 
is  checked  by  leveling  of  the  gulley  gutters. 

32.  ORGANIZING  THE  DRAINAGE  NETWORK  CONSTRUCTION  OPERATIONS 

As  a  rule,  the  drainage  network  is  constructed  by  the  flow  method. 
Organization  of  flow  work  in  the  construction  of  sewers  and  drainage 
conduits  Is  a  part  of  the  work  organization  plan  for  the  construction 
of  the  flying  field.  The  drainage  network  is  constructed  before  the 
earth-moving  operations  and  this  is  done  at  a  rate  which  ensures  execu¬ 
tion  of  all  drainage  construction  operations  before  the  grading  work 
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begins  at  the  successive  earth  moving  operations  section. 

The  flow  operations  consist  of  the  following: 
digging  of  trenches  and  ditches  and  bracing  them; 
construction  of  outlet  Installations 

construction  of  access  gulleys,  drainage  Intakes  and  catch  basins; 
constructing  an  artificial  foundation  for  the  sewer  pipes; 
laying  of  sewer  pipes  (leading  process); 
sealing  of  pipe  Joints; 

hydraulic  testing  of  the  laid  sewer  sections; 
filling  of  the  sewer  trenches; 
grading  and  restoration  of  topsoil. 

The  drainage  network  is  staked  cut  on  each  successive  work  section 
in  accordance  with  the  features  of  the  plan  of  the  entire  drainage  net¬ 
work  of  the  airport  as  a  whole. 

The  dimensions  of  sections  and  the  sequence  in  which  the  sewers 
are  constructed  is  determined  by  taking  into  account  the  sequence  and 
rate  of  earth  moving  and  concrete  placing  operations  for  producing 
pavements. 

The  sequential  sections  are  broken  up  Into  coverage  sections, 
whose  dimensions  are  determined  from  the  following  considerations. 

In  constructing  sewers  from  concrete  and  reinforced  concrete  pipes 
1  meter  long  (leading  operation)  on  a  monolithic  concrete  foundation, 
the  length  of  the  coverage  sections  should  not  be  less  than  the  daily 
(24  hours]  output  of  the  flow,  in  linear  meters  of  sewer  construction, 
multiplied  by  the  number  of  days  during  which  the  concrete  foundation 
ages.  For  example,  if  the  aging  time  for  the  concrete  foundation  Is  5 
days  and  the  dally  productivity  of  the  sewer  construction  brigade  on  a 
monolithic  foundation  is  100  linear  meters,  the  coverage  length  will  be 
500  meters.  When  laying  pipes  on  precast  slab  or  soil  foundation,  the 
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dimensions  of  coverage  sections  used  are  not  less  than  the  three-shift 
output  of  setter  construction  brigades. 

Usually  the  length  of  coverage  sections  for  the  drainage  opera¬ 
tions  flow  Is  established  by  stakes  or  by  sections  from  one  access  gul- 
ley  to  another. 

Taking  Into  account  local  conditions,  the  character  of  work  and 
typical  technological  charts,  a  determination  Is  made  of  the  composi¬ 
tion  of  brigades  and  teams  of  each  element  of  the  flow. 

Tha  composition  of  brigades  and  teams  will  be  the  following. 

1.  Team  charged  with  digging  an  open  ditch  consists  of  5  workers 
and  the  E-505  excavator.  The  output  of  such  a  team  for  a  ditch  depth 
up  to  2  meters  Is  up  to  50  linear  meters/shift. 

2.  Team  charged  with  reinforcing  the  ditch  slopes  consists  of  4 

O 

workers.  The  output  of  the  team  when  covering  with  sod  Is  228  meters  / 

p 

/shift,  and  In  paving  a  single  pavement,  it  Is  50  meters  . 

3*  Brigade  charged  with  constructing  outlet  Installations  consists 
of  4  workers.  The  output  is  one  installation  per  6  shifts. 

4.  The  brigade  charged  with  digging  of  trenches  consists  of  four 
teams: 

the  first  team,  consisting  of  3  workers  performs  setting  out  work 
and  Installs  the  sight  rails;  the  teamt  output  is  200  linear  meters/ 
/shift ; 

the  second  team  consisting  of  2  workers  wKh  a  bulldozer  removes 
and  piles  the  topsoil  at  a  10-15  meter  wide  strip;  the  productivity  of 
the  team  is  750  linear  meters/shift; 

the  third  shift  consisting  of  4  workers  with  an  excavator  digs  and 
finishes  tne  trenches;  the. teams  productivity  is  100  linear  meters  of 
trenches  per  shift; 

the  fourth  team  consisting  of  3  workers  braces  the  trenches  with 
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standard  bracings;  the  teams  productivity  Is  up  to  100  linear  meters/ 
/shift. 

5*  The  team  charged  with  construction  of  access  gulleys,  consist¬ 
ing  of  5  workers.  The  productivity  of  the  team  is  1  gulley  per  shift 
when  poured  on  location  or  3  gulleys  when  working  with  precast  slabs. 

6.  The  team  charged  with  placing  of  precase  slab  foundations  and 
sewer  pipes  including  the  construction  of  elastic  Joints,  consisting 
of  6  workers  with  a  truck  crane.  The  productivity  of  the  team  is  25 
linear  meters  of  finished  sewer  per  shift. 

7.  The  team  charged  with  backfilling  of  trenches  with  soil,  con¬ 
sisting  of  3  workers  with  a  bulldozer.  The  output  is  up  to  200  linear 
meters/shift. 

All  these  teams  can  be  organized  into  integrated  mechanized  brig¬ 
ades  of  the  flow: 

first  brigade  charged  with  digging  and  bracing  of  trenches  with 
a  productivity  of  100  linear  meters  of  trenches  per  shift; 

second  mechanized  brigade  charged  with  sewer  construction  (leading 
operation)  with  a  productivity  of  25  linear  meters/shift; 

third  brigade  charged  with  backfilling  of  trenches  with  an  output 
of  200  linear  meters/shift. 

Coordinates  work  of  these  brigades  requires  that  they  be  correlat¬ 
ed  with  respect  to  their  output,  for  which  reason  the  number  of  teams 
composing  the  leading  brigade  should  be  increased. 

After  the  work  of  teams  ar.d  brigades  is  coordinated,  a  schedule  of 
flow  operations  in  constructing  the  drainage  system  is  drawn  up. 


213  - 


Chapter  4 

CONSTRUCTION  OP  SIMPLE  PAVEMENTS 
Staple  airport  pavements  are  constructed  mainly  from  local  con¬ 
struction  materials  (soil,  sand,  gravel,  crushed  stone,  rocks,  health 
slag,  etc.).  They  are  used  as  pavements  In  the  construction  of  landing 
strips,  and  at  permanent  airports  are  used  as  foundations  or  base 
layers  for  permanent  concrete  or  asphaltic  concrete  pavements. 

Simple  airport  pavements  Include: 

soil  pavements  with  a  selected  optimal  composition; 

soil-macadam  and  soil-gravel; 

untreated  macadam,  gravel  and  slag  roads. 

33.  SURFACES  PROM  OPTIMAL  SOIL  MIXES 

Land  parcels  selected  for  airport  construction  may  have  different 
soils  with  nonuniform  (clay,  loam,  sand,  etc. )  bearing  capacity.  The 
physical  and  mechanical  properties  of  local  soil  can  be  Improved  by 
changing  their  granulometric  composition  (optimal  mixtures). 

The  composition  of  optimal  soil  mixtures  depends  on  the  climate 
features  of  the  construction  region.  In  dry  regions  the  mixture  re¬ 
quires  a  large  amount  of  clay  fractions,  and  a  more  substantial  body 
with  a  small  content  of  clay  fractions  Is  required  in  ovemolst  regions 
Surfaces  from  optimal  soil  mixtures  are  constructed  by  mixing  at 
the  site  and  adding  other  soil. 

The  operations  for  constructing  pavements  from  optimal  soli  mix¬ 
tures  Include  removal  of  topsoil  and  performance  of  earth  moving  opera¬ 
tions,  loosening  and  breaking  up  the  local  soil,  introduction  and  dls- 
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trlbution  of  admixtures,  mixing  the  soil  and  admixtures,  leveling  out 
the  mixture  and  grading  of  the  surface  and  compacting  the  mixture. 
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l)  Region  In  which  the  optimal  mixture  Is  used 
2 1  content  of  fractions  In  the  optimal  mixture: 

3)  sand  (2.0-0. 05  mm);  4)  dusty  (0.0^-0.005  mm); 

5)  clay  (less  than  0.0G5  mm);  6)  In  regions  with 
normal  and  Insufficient  moisture;  7)  in  overmolst 
regions. 

All  the  enumerated  operations  with  respect  to  the  local  prepa¬ 
ration  of  optimal  soil  mixtures  should  be  mechanized  in  an  Integrated 
manner  and  should  be  performed  by  the  flow  method  in  the  accepted 
technological  sequence. 

The  topsoil  is  removed  and  the  earth  moving  and  preparatory  work 
is  performed  using  methods  and  means  which  were  considered  before. 

The  earth  moving  operations  also  include  grading  and  leveling  the 
surface  in  accordance  with  the  design  elevations.  Before  the  admixture 
are  added  the  soil  is  loosened  and  broken  up  in  order  to  provide  for 
their  complete  interaction  with  the  soil  being  improved  and  for  the 
formation  of  a  uniform  mixture. 

Depending  on  the  kind  and  state  of  soil,  loosening  may  be  perfor¬ 
med  by  cultivators  rippers,  plows,  scarifiers,  rotary  tillers  and 
other  equipment.  The  improved  soil  should,  as  a  rule,  be  loosened  to 
the  design  depth  by  a  single  passage  of  the  machine  over  one  track. 
Multiple  passes  of  machines  over  the  same  path  can  result  in  excessive 
and  nonumlform  deepening,  which  will  disturb  the  design  ratios  of  the 
planned  optimal  mixture.  The  loosened  soil  should  then  be  broken  up  and 
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pulverized  b;/  tooth-type  or  disk  harrows  to  a  degree  such  that  it 
should  not  contain  unbroken  lumps  larger  than  5  nm.  The  soil  should  be 
broken  up  immediately  after  loosening,  when  it  still  retains  its  nat¬ 
ural  moisture.  The  soil  admixtures  which  are  introduced  shouls  also  be 
broken  up  and  pulverized. 

After  the  soil  being  Improved  has  been  loosened  and  broken  up,  the 
admixture  (of  sand  to  clay  soil  or  vice  versa)  is  spread  out  in  a  uni¬ 
form  layer  by  the  D-336  tractor-drawn  distributor,  in  order  to  obtain 
the  optimal  sand  and  clay  mixture. 

The  rate  at  which  admixtures  may  be  added  per  one  pass  of  the  dis¬ 
tributor  is  from  0.04  to  2  meters^  per  100  meters^  of  area. 

The  maximal  spreading  width  is  2.4  meters  and  the  time  required 
for  unloading  material  from  one  ZIL-585  dump  truck  is  3-4  minutes. 

The  admixtures  thus  added  are  mixed  first  by  harrows  and  then  fi¬ 
nally  by  graders  or  rotary  tillers  until  a  homogeneous  optimal  mixture 
Is  obtained.  Most  desirable  of  mixing  of  local  soil  with  admixtures  are 
machines  working  on  the  principle  of  forced  mixing,  in  which  the  mix¬ 
ture  is  Imparted  the  speed  with  which  the  particles  are  displaced  along 
the  working  elements,  which  exceeds  manyfold  the  reciprocating  velocity 
of  the  machine  proper.  The  D-272  rotary  tiller,  which  breaks  up  and 
mixes  with  admixtures  a  soil  depth  of  up  to  20  cm  during  3-4  passes 
over  the  same  trace  in  standard  density  soil,  is  such  a  machine. 

Intermixing  of  soil  with  admixtures  requires  from  20  to  50  passes 
of  a  motor  grader  over  the  same  trace,  which  does  not  result  in  high 
productivity  and  satisfactory  quality  of  work. 

After  mixing,  the  mixture  is  leveled  by  a  motor  grader  and  com¬ 
pacted  by  rollers,  first  using  light  and  then  medium  and  heavy  rollers 
on  pneumatic  tires,  with  the  moisture  close  to  optimal.  The  requlrec 
moisture  and  density  for  rolling  is  controlled  by  the  construction  site 


laboratory.  All  the  machines  work  by  the  flow  method  on  coverage  sec¬ 
tions  300-500  meters  long  and  whose  with  Is  equal  to  the  width  of  the 
surface.  The  soil  mixing  machine  Is  the  leading  machine  of  the  flow. 

The  need  for  all  auxiliary  machines  Is  calculated  on  the  basis  of  the 
productivity  of  the  leading  machine. 

The  integrated  set  of  machines  recommended  for  working  with  the 
rotary  tiller  Is  as  follows: 

Heavy  motor  grader  .  1  D-336  distributor . 2 

Rotary  tiller  D-272  2  (leading  Self-propelled  rollers  .  .  2 

machine)  The  D-263  drawn  roller  .  .  1 

The  D-162  ripper  1  The  PM-8  watering  machine  .  1 

Harrows  1  set 

O 

The  productivity  of  this  set  is  up  to  2500  meters  /shift. 

In  all  cases  the  rotary  tiller  should  work  in  the  same  gear  in 
order  to  ensure  uniform  breaking  up  and  Intermixing  of  the  soli  with 
the  admixtures. 

34.  SOIL-MACDAM  AND  SOIL- GRAVEL  PAVEMENTS  AND  FOUNDATIONS 

The  stability  of  soil  macadam  and  soil-gravel  pavements  depends 
on  the  rock  and  soli  content  of  the  mixture  and  on  the  grain-size  dis¬ 
tribution.  The  composition  of  mixtures  Is  chosen  from  graphs  and  tables 
of  optimal  mixtures,  which  approximately  corresponds  to  a  content  of 
from  50  to  70^  of  stone  base  material.  Local  soli  Is  used  for  filling 
voids  and  pores  In  thestone  material. 

Depending  on  the  dimensions  of  the  largest  stone  fraction,  the 
soil-gravel  and  soil-macadam,  mixtures  are  divided  into: 

coarse  grain  with  the  largest  particle  size  up  to  50  mm; 
medium  grain  with  the  largest  particle  size  up  to  25  mm; 
fine  grain  with  the  largest  particle  size  up  to  15  mm. 

The  compositions  of  soil-gravel  and  soil-macadam  mixtures  used  In 
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fcote.  The  content  of  clay  (particles 
finer  than  0.005  nm)  In  soil-macadam  and 
soil-gravel  mixtures  for  the  upper  sur¬ 
face  layer  should  not  exceed  and  for 
the  lower  layer  It  should  not  exceed  5#* 


1)  Mixtures;  2)  number  of  particles  passing 
through  sieves  with  holes,  mm,  £  of  particle 
weight;  3)  for  the  upper  pavement  layer; 

4}  coarse  grain;  5)  medium  grain;  6)  fine  grain; 
7)  soil;  8;  only  for  the  lower  surface  layer. 


pavement  construction  are  given  In  Table  23. 

Construction  of  soil-macadam  and  soil-gravel  pavements  by  mixing 
on  location  consists  of  the  same  operations  and  Is  performed  by  the 
set  of  machines  as  the  construction  of  soli  surfaces  from  optimal  mix¬ 
tures*  The  feature  of  the  former  process  is  the  fact  that  after  the 
soil-macadam  or  soil-gravel  mixture  in  the  construction  of  temporary 
pavements  was  finish  graded  and  relied,  it  is  necessary  to  addition¬ 
ally  spread  on  the  surface  pulverized  topsoil  in  the  amount  of  1-2  me¬ 
ters^  per  100  meters^  of  the  pavement  area,  and  then  sow  sod-producing 
grass  at  a  higher  seeding  rate  (300-400  kg/hectare).  If  the  soil-gravel 
and  soil-macadam  pavements  are  used  as  the  foundation  or  bass  layers, 
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then  their  surface  Is  not  treated  with  topsoil  and  sod-producing  grass 
Is  not  sowed. 

Soli  pavements  from  optimal  sand  and  clay  mixtures,  soil-gravel 
and  soil-macadam  pavemer.t3  are  constructed  without  artificial  founda¬ 
tions  and  without  additional  structural  layers,  directly  on  the  exist¬ 
ing  soil  surface. 

35.  MACADAM  PAVEMENTS 

Pavements  from  uniformly  crushed  stone  rolled  in  the  moist  state 
with  wedging  also  belong  to  simple  pavements.  The  rock  pieces  are  bound 
by  Internal  friction  of  the  crushed  rock  and  by  the  binding  action  of 
stone  dust. 

The  disadvantage  of  macadam  surfaces  is  the  fact  that  they  air 
dust  producing,  nonmoisture  resistant  and  are  rapidly  broken  up  by  the 
loads  of  modem  aircraft.  These  are  transitional  pavement  sand  are 
widely  used  as  foundations  for  Improved  and  permanent  pavements. 

Macadam  pavements  are  constructed  directly  on  the  soil  or  on  a 
base  of  sand,  gravel  or  slag.  The  pavement  thickness  depends  on  the  in¬ 
tensity  and  character  of  loads.  Single  layer  macadam  pavements  are  con¬ 
structed  with  a  thickness  of  up  to  13  cm,  and  twin  layer  pavements  may 
be  thicker  than  18  cm;  here  the  thickness  of  the  upper  layer  should  not 
be  less  than  6-8  cm. 

The  crushed  stone  used  for  pavement  construction  Is  subdivided  by 
size  into 

Coarse,  with  fraction  size . 6CV-70  mm 

Medium  "  "  "  •  *  *  * .  60-35  " 

Pine  "  "  "  .  35-25  " 

Chlppings  "  "  "  . 25-15  * 

Stone  fines  with  fraction  size . 15-  5 

Siftings  "  n  "  .  .  .  .  finer  than  5  mm 

The  crushed  stone  should  satisfy  the  following  requirements;  be 
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olose  to  cubical  In  shape;  contain  not  more  than  25/5  by  weight  of  flat 
(lanmerlar)  shaped  grains;  have  a  uniform  strength  and  have  an  ultimate 
strength  of  not  less  than  300  kg/cm  when  fully  saturated  with  water; 
should  withstand  up  to  25  cycles  in  fro3t  resistance  tests;  the  maximum 
size  of  its  particles  should  not  exceed  one  half  of  the  pavement  thick¬ 
ness;  should  not  contain  more  than  2£  by  weight  of  clay  and  dust  parti¬ 
cles,  clay  lumps,  loam  and  other  admixtures. 

Before  the  construction  of  a  macadam  pavement  starts,  the  base 
course  or  the  trench  bottom  should  be  completely  graded. 

The  pavement  is  constructed  In  strips  not  less  than  10-15  meters 
wide  by  the  longitudinal  or  longitudinal  section  method.  Supports  made 
of  girders  are  placed  along  the  edges  of  the  strip  at  the  beglnlng  of 
work  and  at  one  side  in  subsequent  construction  of  strips,  in  order  to 
prevent  the  crushed  stone  from  spreading  out  on  rolling.  The  height  of 
the  girders  should  be  equal  to  the  thickness  of  the  layer  being  con¬ 
structed  in  the  compacted  state.  After  compacting  the  girders  are  moved 
over  to  the  following  coverage  sections  or  strips. 

Coarse  crushed  stone  (for  constructing  the  lower  layer  of  a  twin- 
layer  pavement)  is  transported  to  the  prepared  foundation  by  dump  trucks 
and  are  spread  out  in  a  layer  of  the  required  thickness. 

The  crushed  stone  is  dumped  into  piles  directly  in  the  trench  or 
onto  the  foundation  from  dump  trucks  from  the  side  fo  the  finished 
pavement  or  finished  crushed  stone  fill. 

In  order  to  have  enough  crushed  stone  for  obtaining  the  specified 
pavement  thickness,  its  amount,  needed  for  the  strip  being  constructed 
Is  determined  from  the  formula 

where  B  is  the  strip  width,  meters;  h  is  the  design  thickness  of  maca¬ 
dam  in  the  solid  state,  meters;  and  Ky  i3  the  coefficient  of  macadam 


compaction,  equal  to  1.3-1. 4. 

The  unloaded  crushed  stone  is  leveled  by  a  bulldozer  or  motor 
grader  over  the  foundation  over  the  entire  width  of  the  strip.  The 
heavy  motor  grader  can  be  equipped  with  a  blade  for  the  leveling  oper¬ 
ation  (changable  equipment). 

The  crushed  stone  can  be  spread  out  over  the  foundation  or  trench 
by  the  D-337  self-powered  macadam  spreader  or  asphalt  spreader,  which 
not  only  spread  but  partially  compact  the  layer  being  laid.  Before  fi¬ 
nal  compacting  the  macadam,  its  surface  should  be  graded  by  a  motor 
grader.  The  dumped  and  spreaded  macadam  should  not  be  left  without  com¬ 
pacting  for  more  than  one  day. 

In  the  process  of  rolling  of  the  macadam  layer  first  individual 
stone  particles  are  brought  closer  together  and  then  compacting  takes 
place  with  filling  of  voids  with  stone  fines.  The  entire  process  of 
rolling  of  a  single-layer  macadam  pavement  can  be  subdivided  into  four 
stages. 

In  the  first  stage  the  spread  crushed  stone  is  rolled  by  light 
motor  rollers  v/eighing  5-6  tons  at  a  speed  of  not  more  than  1.5-2  ki¬ 
lometers/hour.  The  rolling  in  this  stage  is  performed  from  the  edges 
toward  the  middle  of  the  filled  strip  without  watering  until  no  waves 
are  formed  ahead  of  the  roller's  rolls  and  until  the  roller  ceases  to 
produce  a  noticeable  trace.  This  stage  requires  6-10  passes  of  the 
roller  over  the  same  trace. 

In  the  second  stage  the  working  macadam  is  finish  compacted,  which 
gives  a  hard,  stable  skeleton.  In  this  compaction  stage  use  is  made  of 
heavy  motor  rollers  weighing  up  to  12  tons  and  the  macadam  surface  Is 
watered.  The  speed  at  which  the  rollers  move  should  not  exceed  2  kilo- 
mete  rs/hour. 

The  external  signs  showing  that  the  compacting  in  the  second  rol- 


ling  stage  Is  sufficient  are  the  following:  the  stone  particles  do  not 
move;  the  rollers  on  passing,  and  a  stone  piece  of  the  rollers  Is 
crushed.  Pinal  control  of  the  density  Is  performed  by  sampling  by  the 
laboratory. 

During  the  second  rolling  stage  care  should  be  taken  In  observing 
the  aforementioned  signs  of  complete  compacting  of  the  macadam,  since 
eccesslve  rolling  results  in  "overrolling"  In  which  the  fractions  are 
rounded  off  and  the  rolled  layer  is  totally  destroyed.  The  "overroling" 
is  corrected  by  replacing  the  rounded  off  stone  particles.  The  number 
of  passes  over  the  same  trace  depends  on  the  weight  of  the  roller,  the 
strength  of  the  crushed  stone,  the  thickness  fo  the  rolled  layer  and 
as  an  average  it  comprises  12-35*  If  it  is  the  base  course  of  a  two- 
layer  pavement  which  Is  constructed,  then  the  operation  following  the 
second  rolling  stage  Is  the  dumping  of  the  basic  crushed  stone  for  the 
upper  layer,  leveling  It  and  compacting,  also  In  two  stages. 

The  third  rolling  is  performed  for  obtaining  a  dense  macadam  core 
by  Introducing  chlpplngs  Into  the  upper  pavement  layer.  Chipplngs  are 
dumped  In  the  amount  of  up  to  1  meter^  per  100  meters^  of  area.  The 
spread  chlpplngs  should,  before  rolling,  be  thoroughly  pushed  Into  the 
voids  by  mechanical  brushes  or  manually,  by  metal  broems.  After  the 
chlpplngs  have  been  spread  they  are  rolled  by  medium  and  heavy  motor 
rollers  with  sprinkling  with  an  average  of  6-8  passes  over  the  same 
trace. 

The  fourth  rolling  stage  is  performed  only  in  constructing  maca¬ 
dam  pavements  for  creating  a  protective  cementing  layer  by  spilling, 
using  a  spreader,  of  stone  fines  or  screenings  from  weak  limestone  In 
amounts  up  to  0.80  meters^  per  100  meters^  of  area.  Rolling  In  this 
case  Is  performed  by  medium  and  heavy  rollers  with  sprinkling.  The  av¬ 
erage  number  of  roller  passes  Is  4-6  over  the  same  trace. 
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A  two- layer  pavement  13  compacted  by  layers.  The  lower  layer  Is 
rolled  using  void  filling  material  and  the  upper  layer  is  rolled  as  a 
s ingle- layer  pavement. 

The  approximate  water  consumption  in  sprinkling  on  compacting  is 

o 

from  15  to  50  liters  per  1  meter  of  compacted  area.  A  sign  showing 
that  the  fill  is  sufficiently  moist  is  the  fact  that  the  lower  faces 
of  the  uppermost  layer  of  stone  particles  are  wet. 

This  ends  the  construction  of  a  macadam  pavement. 

The  following  set  of  machines  can  be  used  in  constructing  macadam 
pavements : 

Dump  trucks  for  bringing  in  of  materials  .  as  calculated 
Bulldozer  or  crushed  stone  spreader  .  .  .1 


Motor  grader . 1 

Sprinkling  machine . 1 

Motor  rollers . 2 

Chippings  spreader  .....  .  .2 


o 

The  productivity  of  this  intergrated  team  is  up  to  1000  meters  of 
pavement  per  shift. 

36.  GRAVEL  PAVEMENTS 

Gravel  pavements  are  constructed  from  local  sand  and  gravel  mix¬ 
tures  which  are  not  subjected  to  any  complicated  processing.  It  is  best 
to  use  quarry  gravel,  which  contains  a  sufficient  amount  of  sand  and 
clay  dust  particles  for  filling  all  the  voids  on  rolling  and  for  ob¬ 
taining  a  dense  and  strong  pavement. 

If  river,  sea  or  lake  gravel  are  used  as  the  local  material,  then 
the  optimal  gravel  mixture  is  compounded  artificially  by  adding  sand, 
clay  and  dust  particles. 

The  optimal  gravel  mixture  Is  chosen  on  the  basis  of  special  graphs 
and  tables  (Table  24). 

The  greatest  gravel  size  in  the  mixture  should  not  exceed  half  of 
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TABLE  24 
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l)  Mixture  number;  2)  number  of  particles  pass¬ 
ing  through  a  sieve  with  holes.  In  mm,  by 
weight;  3;  properties  of  mixture  which  has  pass¬ 
ed  through  a  sieve  with  0.3  cm  holes;  4)  yield 
volnt:  5;  plasticity  Index;  6)  not  more  than 
23;  7)  sane  as  above;  8)  up  to. 


the  design  thickness  of  the  pavement.  The  choice  of  the  gravel  mixture 
composition  depends,  on  the  pavement  thickness  and  on  the  size  of  quarry 
gravel  material  available  near  the  construction  site.  The  more  prefer* 
enclal  in  the  choice  of  quarries  are  compositions  No.  1,  2  and  3>  since 
composition  No.  4  is  expedient  only  in  a  region  with  a  dry  climate  and 
favorable  hydrogeologic  conditions.  The  content  of  particles  finer 
than  0.03  mm  In  the  mixture  should  at  the  lower  limit  In  regions  with 
excessive  surface  moisture  and  should  be  at  the  upper  limit  In  regions 
with  a  dry  climate. 

The  gravel  mass  Is  laid  on  the  natural  or  reinforced  foundation 
In  one  or  two  layers.  The  amount  of  and  thickness  of  layers  depend  on 
the  intensity  of  aircraft-produced  loads  and  are  determined  by  calcu¬ 
lations.  Single  layer  pavements  are  made  up  to  16  cm  thick  and  twin 
layer  pavements  are  made  thicker  than  16  cm. 

The  disadvantage  of  gravel  pavements  is  the  fact  tliat  they  are 
softened  by  precipitation  and  become  dusty  In  dry  weather.  They  are 
transitional  pavements  and.  are  cost  frequently  used  as  base  courses  for 
temporary  prefabricated  Improved  and  permanent  pavements. 

These  pavements  are  constructed  in  sections  of  not  less  than  300 
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meters  over  the  entire  width  of  runways  or  by  10-15  meters  wide  strips. 

i  Before  the  pavement  construction  starts  preparatory  operations  are  per- 

} 

I  formed.  The  quality  of  the  road  bed  is  checked  and  the  operations  are 

j  set  out  by  using  a  leveling  instrument  for  placing  every  20  meters  of 

? 

reference  marks,  showing  the  required  thickness  of  each  construction 
layer  taking  into  account  the  coefficients  of  loosening  of  the  gravel 
material. 

The  gravel  material  is  delivered  to  the  road  bed  by  dump  trucks 
first  for  the  lower  layer.  It  is  bess  that  the  trucks  be  made  to  tra¬ 
vel  over  an  already  constructed  pavement  or  foundation,  or  over  the 
finished  leveled  mixture.  It  Is  prohibited  to  drive  over  an  oveimoist 
pavement  bed  or  over  a  sand  foundation. 

* 

The  distances  between  the  dumping  points  for  the  mixture  is  deter¬ 
mined  by  calculations  by  the  fornula 


where  i  Is  the  distance  between  the  centers  of  piles,  meters;  3  is  the 
volume  of  material  hauled  by  the  dump  truck  in  one  trip,  meters^;  B  Is 
the  coverage  section  width,  meters;  h  is  the  thickness  of  the  gravel 
material  layer  in  the  solid  state,  meters;  and  is  the  gravel  com¬ 
paction  coefficient. 

The  piles  are  leveled  out  and  the  material  thus  spread  Is  graded 
by  a  heavy  motor  grader  with  mounted  equipment  consisting  of  a  bull¬ 
dozer  blade. 

First  the  gravel  material  is  compacted  by  light  motor  or  tractor 
drawn  rollers  weighing  5  tons  by  5-7  passes  over  the  same  trace.  The 
final  rolling  is  performed  by  heavy  motor  rollers  on  pneumatic  tires 
In  8-10  passes.  The  rolling  is  stopped  after  obtaining  a  density  at 
which  no  impression  is  formed  when  a  heavy  roller  passes  through  it.  If 


-  225 


the  materia i's  nolsture  Is  below  optimal.  It  Is  sprinkled  during  roll¬ 
ing.  Surface  undulations  which  form  on  rolling  are  eliminated  by  sup¬ 
plemental  grading  of  the  surface  by  a  motor  grader.  If  the  surface  has 
two  layers,  then  the  second  layer  Is  constructed  In  the  sane  manner 
as  the  first,  after  the  first  has  been  rolled. 

It  is  rolled  from  the  strip's  edge  to  its  middle  with  overlapping 
of  traces  by  approximately  1/3  of  the  width  of  the  previous  rolling 
pass. 

The  number  of  roller  passes  depends  on  the  composition  of  the 
gravel  mixture,  the  type  and  weight  of  rollers  being  used.  A  normally 
rolled  pavement  is  characterized  by  the  absence  of  noticeable  waves  a- 
head  of  the  roll  of  a  8-10  ton  motor  roller. 

The  following  set  of  machines  can  be  used  In  constructing  a  gra¬ 
vel  pavement: 

Dumping  trucks  as  calculated 

Motor  grader  .  1 

Motor  rollers  ....  2 
Tractor  drawn  roller  .  1 

Bulldozer  .  1 

Sprinkling  machine  .  .  1 

2 

The  productivity  of  this  set  is  up  to  2000  meters  of  pavement 
pershlft. 

37.  SLAO  PAVEMENTS  AND  FOUNDATIONS 

Many  regions  of  our  country  posses  large  stockpiles  of  metallur¬ 
gical  slag,  which  are  suitable  for  construction  of  airport  foundations 
and  pavements.  By  the  methods  by  which  they  are  obtained,  metallurgi¬ 
cal  slag  types  are  divided  Into  blast  furnace,  open  hearth  furnace, 
copper  melting,  steel  smelting,  cupola  slag,  etc. 

Depending  on  their  chemical  composition,  the  slags  discharged  by 
a  blast  furnace  are  divided  Into  basic  and  acid  slag. 
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The  basic  slag  group  consists  of  those  in  which  the  ratio  of  the 
total  percentage  content  (by  weight)  of  line  and  magnesium  CaO  and  MgO 
to  the  sum  of  silica  and  alumina  SiOg  +  Alg<  comprises  not  less  than 
unity,  i.e.. 


M 


ao-tmgo 

«*0,+AlA 


>1. 


The  acid  slag  group  embraces  slag  types  with  M  <  1. 

Pavements  (foundations)  are  constructed  from  crushed  slag  sorted 
out  by  fractions,  laid  in  conformance  with  requirements  put  to  the  se¬ 
lection  of  fractions  and  the  voids  filling  principle. 

The  basic  slag  is  characterized  externally  by  a  porous  and  rough 
grayish  surface.  This  slag,  when  compacted  by  heavy  rollers  with  si¬ 
multaneous  sprinkling  of  water,  posses  their  own  binding  properties 
due  to  the  cementing  property  of  the  slag  flour.  They  can  be  used  for 
constructing  strong  monolithic  rigid  foundations  and  pavements. 

Slag  pavements  constructed  without  being  treated  by  binders  do 
not  have  a  long  service  life.  They  become  very  dusty  under  the  action 
of  aircraft  loads  and  break  up  rapidly.  Foundations  for  improved  and 
permanent  pavements  can  be  constructed  from  slag.  Such  foundations  In¬ 
crease  their  strength  with  time,  and  by  the  service  life  even  exceed 
macadam  foundations  made  from  natural  medium  strength  stone. 

Slag  is  especially  conveniently  used  in  regions  which  lack  natu¬ 
ral  stone  deposits.  Experience  in  the  construction  of  roads  and  air¬ 
ports  shows  that  basic  slag  can  be  successfully  used  for  constructing 
pavements  treated  by  organic  binders  by  the  enthod  of  mixing  at  the 
site. 

Acid  slag  can  be  successfully  used  in  constructing  pavements  and 
foundations  both  treated  by  organic  binders  as  well  as  untreated. 

Pavements  and  foundations  should  be  constructed  from  basic  and 
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acid  slag  which  laid  around  In  the  dump  not  less  than  two  years.  The 
slag  should  nob  contain  foreign  Impurities  and  chemically  nonbinding 
metal  and  should  resist  all  kinds  of  chemical  disintegration. 

Blast  furnace  basic  and  acid  slag  ai-e  a  byproduct  In  the  smelting 
of  pig  Iron  from  Iron  ore. 

Open  hearth  slag,  as  blast  furnace  slag,  is  divided  Into  basic  and 
acid.  A  feature  of  the  open  hearth  slag  Is  the  fact  that  It  Is  diffi¬ 
cult  to  process  without  being  crushed  first,  since  It  lays  around  In 
the  waste  piles  In  the  form  of  Individual  pieces,  as  well  as  In  the 
fora  of  large  stone  up  to  3-5  meters^  In  volume.  The  ultimate  strength 
of  blast  furnace  and  open  hearth  crushed  3 lag  In  compression  varies  be- 

Q 

tween  the  limits  of  25  to  400  kg/cm  for  porous  and  from  400  to  1200 

O 

kg/cm  for  crystallic  slag. 

Construction  of  pavements  and  foundations  from  crushed  slag  does 
not  at  all  differ  from  the  technology  of  operations  In  constructing 
macadam  pavements  and  foundations  from  crushed  stone. 

Gravel,  macadam  and  slag  pavements  can  be  constructed  In  the  win* 
ter  time.  In  this  case  the  runway  bed  should  be  constructed  and  care¬ 
fully  graded  before  the  onset  of  cold  weather.  The  foundation  material 
Is  rolled  by  heavy  motor  rollers  without  sprinkling.  Then  In  the  spring 
after  thawing,  slight  additional  rolling  of  the  pavement  Is  required. 
38.  CONTROLLING  THE  QUALITY  OP  WORK  AND  RECEIVING  IT 

Quality  control  and  acceptance  of  operations  concerned  v/ith  con¬ 
structing  simple  airport  pavements  provides  for  checking  of: 

the  quality  of  materials  used  and  their  conformance,  by  quantity 
and  composition,  to  the  design  specifications,  to  technical  specifica¬ 
tions  and  to  rules  for  performance  of  operations  (checked  by  data  of 
laboratory  tests); 

degree  of  pavement  compaction; 
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conformance  of  the  elevations  of  the  longitudinal  and  transverse 
profiles  to  design  specifications  (checked  by  leveling  of  not  less  than 
lOjC  of  the  entire  area); 

V  % 

thcikness  of  pavement  by  making  not  less  than  two  holes  per  400 
o 

meters  of  finished  pavement; 

the  width,  length  and  level  of  the  surface  by  check  measurements. 

The  following  deviations  from  the  design  dimensions  are  permis¬ 
sible  In  constructing  simple  airport  pavements: 

up  to  5#  but  not  more  than  2  cm  with  repect  to  the  pavement  thick¬ 
ness; 

up  to  10  cm  with  respect  to  the  pavement  width. 

The  deviation  of  grades  form  design  specifications  should  not  ex¬ 
ceed  +  0.002. 

The  accepted  work  should  be  formalized  by  an  act  after  all  the  ex¬ 
posed  defects  have  been  eliminated. 

The  surface  level  Is  checked  by  a  three-meter  ranging  rod.  The 
gaps  between  the  pavement  surface  and  the  ranging  rod  should  not  ex¬ 
ceed  5  mm. 
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Chapter  5 

CONSTRUCTION  OP  E-IP  ROVED  PAVEMENTS 

Pavements  which  are  constructed  from  local  building  materials 
(soli,  gravel,  crushed  stone,  etc.)  by  treating  with  organic  (bitumen 
and  tar)  or  mineral  (cement  and  lime)  binders  are  classified  as  to- 
proved.  The  improved  pavements  are  characterized  by  their  high  strength 
and  decreased  wear  to  comparison  with  simple  pavements.  In  addition, 
they  are  not  dust  producing,  water  resistant  and  water  tight  and  can 
be  used  as  foundations  for  permanent  pavements. 

Cement  treated  soil  pavements,  soil  macadam,  gravel  and  slag  pave¬ 
ments  treated  by  organic  binders  are  referred  to  as  Improved  pavements. 

39.  CONSTRUCTION  OP  SOIL  CE4ENT  PAVE-IENTS  AND  FOUNDATIONS 

During  the  last  few  years  extensive  work  was  performed  In  the  USSR 
for  adapting  to  the  practice  fo  airport  construction  of  soli  cement 
pavements  and  foundations. 

Cement  Introduced  into  soil  exerts  a  twofold  effect  on  it :  firsts 
ly,  the  soil  particles  are  cemented,  which  imparts  binding  and  strength 
properties  to  the  soil;  secondly,  the  cenenv,,  acting  on  the  soil  as  a 
chemical  additive,  radically  improves  Its  physical  and  mechanical  pro¬ 
perties  (  stickiness,  plasticity  and  water  saturation  disappear). 
Soil-gravel  and  sand-gravel  optimal  mixtures  can  also  be  reinforced  by 
cement. 

The  construction  of  soil  cement  pavements  and  foundations  is  cha¬ 
racterized  by  its  simplicity  and  by  feasibility  of  integrated  mecha¬ 
nization  of  the  construction  work. 
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Sell  cement  Is  an  economically  advantageous  construction  material, 
only  cement,  which  comprises  6-l8£  of  the  weight  of  the  treated  soil, 
is  brought  In. 

Soli  cement,  pavements  are  by  a  factor  of  2  cheaper  than  stone 
pavement  sand  their  strength  Is  entirely  sufficient  for  the  present¬ 
time  aircraft  loads. 

The  carrying  capacity  of  soli  cement  Increases  as  the  percentage 
content  of  the  cement  additives  Increases.  Her  the  amount  of  cement 
needed  for  Imparting  the  necessary  strength  to  the  soil  depends  on  the 
activity  of  the  cement  and  on  the  soil. 

When  reinforcing  optimum  composition  soils,  the  cement  consumption 
Is  decreased.  Cement  treatment  of  soil  containing  alkalies  and  acids 
is  forbldden. 

The  thickness  of  single  layer  soil  cement  pavements  Is  determined 
by  calculations  and  as  an  average  comprises  25  cm. 

The  following  main  technological  requirements  must  be  satisfied 
In  constructing  soli  cement  pavements  and  foundations. 

The  soil  should  be  pulverized  to  the  necessary  degree.  Special 
care  should  be  taken  In  batching  of  cement  in  order  that  It  be  distri¬ 
buted  uniformly  ir.  the  reinforced  soil,  a  check  should  be  kept  on  the 
moistening  of  the  dry  mixed  soil  cement  mixture  up  to  optimal  moisture 
and  on  preserving  this  moisture  during  Its  compaction. 

The  soli  and  cement  should  be  uniformly  mixed,  the  finished  mix 
should  be  compacted  to  the  required  density  with  strict  conformance 
to  the  scheduled  termination  of  condensing. 

The  finished  pavenent  should  be  provided  with  proper  curing. 

The  soil  should  be  mixed  with  cement  at  air  temperatures  not  b<- 

,  _o 
low  . 

Soil  cement  pavements  and  foundations  are  constructed  by  mixing  ai: 
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the  site  or  In  stationary  Installations. 

The  on-the-3lte  mixing  method  Is  the  main,  most  productive  and 
economical  method  and  consists  of  the  following  operations; 
removal  of  trpsoll  and  grading  of  the  section; 
loosening  andbreaklng  up  the  soil; 

Introducing  Into  the  soil  of  additives  for  obtaining  an  optimal 
soil  mixture  and  Intermixing  of  the  soil  with  the  additives; 

spreading  the  cement  and  Intermixing  It  with  the  soil  In  the  dry 
state; 

moistening  the  mix  and  Intermixing  it  In  the  moist  state; 
compacting  the  mix; 
curing  the  pavement; 

constructing  a  protective  layer  by  surface  treatment. 

The  pavement  quality  depends  to  a  considerable  extent  on  the  pro¬ 
per  performance  or  all  the  enumerated  operations,  which  should  be  ex¬ 
ecuted  continuously  with  conformance  of  the  technological  sequence. 

Pavements  are  constructed  In  sections  which  should  be  finished 
within  a  shift  totally,  without  disrupting  the  production  flow.  The 
time  elapsed  between  the  instant  the  cement  is  Introduced  into  the  soli 
and  the  termination  of  compacting  the  mix  should  not  exceed  5  hours. 

Cement  whose  brand  is  not  lower  than  400  Is  spread  by  the  D-343A 
spreader  on  the  loosened  and  pulverized  soil  of  optimal  composition. 

The  cement  corruption  for  sand  and  gravel  soil  comprises  5-?'#,  for 
sand  loam  soil  It  is  8-10#  and  for  dusty  and  argillaceous  soli  It  is 
13-16#  of  the  weight  of  the  treated  soil.  It  is  recommended  that  bitu¬ 
men  or  tar  emulsion  should  be  Introduced  Into  the  nix  in  order  to  in¬ 
crease  waterreslstance  and  watertightness  of  the  soil-cement  pavement 
(foundation)  and  also  to  decrease  the  cement  consumption  rate. 

The  D-343A  3preader  is  used  to  get  the  cement  Into  the  soli  to  a 
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depth  of  up  to  80  ran,  which  prevents  Its  being  blown  away  by  winds. 

The  capacity  of  the  cement  spreader  hopper  is  2.3  meters^;  and  the  cr- 
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ment  spreading  rate  is  from  15  to  50  kg/meter  per  one  pass;  the 
spreader  productivity  is  up  to  50  tons  per  hour.  The  spreader's  hopper 
is  loaded  by  a  cement  truck  with  pneumatic  dumping  equipment. 

The  soil  moisture  during  the  spreading  of  cement  should  be  with¬ 
in  the  limits  of  that  which  is  optimal  for  the  given  soil. 

After  being  spread,  the  cement  id  intermixed  by  the  D-272  rotary 
tiller  with  soil  (in  the  dry  state)  to  the  design  depth  until  a  mix¬ 
ture  which  is  uniform  in  color  is  obtained.  In  order  to  ensure  inter¬ 
mixing  uniformity,  the  mixing  rate  should  be  constant.  Only  3-3  passes 
of  the  tiller  over  the  same  trace  are  required  for  mixing  soil  with  ce¬ 
ment  In  the  dry  state. 

The  Intermixing  of  soil  with  the  cement  is  the  leading  operation. 
After  a  uniform  mixture  Is  obtained  It  is  sprinkled  by  sprinkling  ma¬ 
chines  and  again  mixed  by  the  rotary  tiller.  The  water  consumption  de¬ 
pends  on  the  natural  moisture  content  of  the  soil. 

After  intermixing,  the  surface  Is  graded  by  a  light  motor  grader 
and  thoroughly  compacted  to  the  design  density. 

Depending  on  the  layer  thickness,  the  pavement  can  be  compacted 
by  smooth  rollers.  When  the  compacted  sections  contain  undulated  parts, 
the  surface  is  leveled  out  by  a  motor  grader  during  and  after  the  rol¬ 
ling,  with  the  cut  off  soil- cement  removed  from  the  higher  lying  points 
moved  out  from  the  construction  site. 

The  recommended  set  of  machines  for  reinforcing  soil  by  cement  13 
as  follows : 


Heavy  motor  grader  2 

Light  motor  grader  1 

D-272  rotary  tiller  (lead¬ 
ing  machine) 


Self-propelled  roller  on  pneumatic  l 
tires  1 

Motor  rollers  2 

1-2 


2  Sprinkling  machine 
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D-343A  cement  spreader 


1  Cement  truck 


1-2 


Scarifiers  and  plows  1  set 

The  productivity  of  this  set  of  machines  Id  up  to  2000  meters  / 
shift. 

The  D-2S2  soli  mixer  ensures  integrated  mechanization  of  opera¬ 
tions  In  cement  enriching  of  the  soil.  The  machine  consists  of  two  in¬ 
dependent  units  dtawn  by  the  DT-54  tractor  Interconnected  by  the  se¬ 
quence  of  the  technological  process  of  construction  and  by  a  set  of 
special  containers  for  hauling  the  cement  and  loading  Into  the  hopper 
of  the  first  unit.  The  container  capacity  is  1500  kg  of  cement. 

The  first,  D-283-I,  unit  loosens  and  breaks  up  the  soil  and  mixes 
It  with  cement  In  the  dry  state.  The  width  of  the  treated  strip  Is  2.2 
meters,  the  depth  Is  up  to  0.2  meters  and  the  cement  laying  rate  Is 
from  10  to  60  kg/cm  .  The  cement  Is  supplied  from  containers  to  the 
batching  hopper  by  truck  cranes  from  moving  trucks.  The  productivity 
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of  the  first  unit  Is  800  meters  /hour. 

Before  the  first  unit  begins  to  work  In  hard  soil,  the  dense  soil 
must  be  loosened  by  heavy  rippers  or  plows  to  the  design  depth.  All 
large  stones,  roots  and  other  foreign  objects,  which  could  damage  the 
working  elements  of  the  machine  must  be  removed  during  the  loosening 
operation. 

The  first  pass  of  the  unit  is  made  In  the  direction  of  a  stretch¬ 
ed  line  which  shows  the  path  to  be  followed  by  the  external  edge  of  the 
right  crawler  of  the  tractor  pulling  the  first  unit  of  the  machine.  The 
successive  rows  are  marked  by  a  line  30  that  the  working  elements  of 
the  first  unit  on  passlgn  should  overlap  not  less  than  by  10  cm  the 
previously  treated  adjoining  section.  Care  should  be  taken  during  the 
work  of  the  first  unit  after  the  amount  of  cement  In  the  hopper,  and 
to  reload  It  when  less  than  500  kg  of  cement  Is  left  (the  hopper  capac- 


Ity  is  300  kg).  I  less  cement  is  left  in  the  hopper,  its  spreading  o- 
ver  the  width  cf  the  section  will  not  be  unifora.  As  the  section  is 
treated  by  the  first  unit,  the  staking  pegs  are  removed  to  avoid  their 
falling  into  the  pavement. 

The  second,  D- 282-11,  unit  moves  after  the  first  and  additionally 
breaks  up  the  soil,  again  intemixes  it  with  cement,  sprinkles  it  with 
water  and  the  intemixes  the  mixture  in  the  moist  state. 

The  second  unit  moves  after  the  first  over  the  tracks  left  over 
by  the  first  unit,  so  that  the  external  edge  of  the  left  crawler  of  its 
tractor  move  in  the  middle  of  the  tracks  of  the  first  unit's  wheels  and 
the  right  crawler  overlap  by  1/3  of  its  width  the  noncompacted  middle 
part  of  the  section.  The  section  is  treated  by  the  second  unit  without 
stopping  for  picking  up  v/ater.  all  forced  stops  result  in  ovennoisting 
the  mixture  and  making  its  compacting  more  difficult. 

The  I>-282  soil  mixer  operates  continuously.  The  units  are  supplied 
with  cement  and  v/ater  in  motion.  Each  unit  is  drawn  by  a  DT-54  tractor 
equipped  with  a  speed  reducer  making  it  possible  to  lower  the  speed  to 
O.36-O.8  kilometers/hour.  The  following  are  the  working  speeds  of  the 
I  and  II  units  in  constructing  15-20  cm  thick  pavements;  on  clay  soils 
235  meters/hour,  a- -Lilaceous  soils  -  300  meters/hour  and  484  meters/ 
hour  on  sandy  loan  soil. 

The  soil  is  mixed  with  cement  by  the  D-282  soil  mixer  by  a  team 


■.quipped  with  the  following  pieces  of  equipment: 

The  D-282  soil  mixer  1  set 

K-32  or  K-51  truck  cranes  (two  for  loading  and 

two  for  unloading)  4 

ZIL-150  side-panel  trucks  for  hauling  containers 

cement  over  a  distance  of  up  3  kilmeters  8 

Tank  trucks  for  supplying  v/ater  having  a  capacity 
°f  up  to  15  meters^  for  a  hauling  distance  of 
up  to  3  kilometers  2 
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Light  roller  on  pneumatic  tires  or  drawn  smooth 


rollers  weighing  5-6  tons  2 
Heavy  rollers  on  pneumatic  tires  2 
Smooth  motor  rollers  weighing  up  to  10  tons  2 
Light  motor  grader  1 
Self-propelled  asphalt  spreader  1 
D-336  screenlgs  spreader  1 
D-162  heavy  ripper  1 
Sprinkling  machine  for  curing  the  pavement  1 
Drawn  mechanical  highway  broom  1 


The  productivity  of  this  integrated  mechanized  team  is  up  to  56OO 
meters  /shift. 

The  main  disadvantage  of  the  D-282  soil  mixer  is  the  fact  that  it 
does  not  perform  the  entire  integrated  sequence  fo  operations.  After 
the  second  unit  of  the  machine  has  passed,  a  considerable  amount  of  time 
is  spent  in  compacting  and  finish  grading  at  the  instant  when  the  soil 
sets  with  the  cement.  In  addition,  it  requires  adherence  to  strict  op¬ 
erational  schedules  and  a  large  number  of  various  auxiliary  machines. 

The  D-391  self-propelled,  single  pass,  multirotor  soil  mixer  with 
pneumatic  tires,  which  loosens  and  breaks  up  the  soil,  measures  out 
and  spreads  the  cement  and  water,  intermixes  the  soil  and  cement  in  the 
dry  and  moist  states,  and  also  partially  compacts  the  mixture,  has  been 
assimilated  in  1958.  The  working  speed  of  the  D-391  is  up  to  0.86  kilo¬ 
meters/hour.  The  width  of  the  strip  being  enriched  is  2.4  meters  and 
the  depth  up  to  25  cm.  The  cement  spreading  rate  is  from  6  to  52  lit- 
ers/neters  .  The  cement  is  supplied  and  loaded  into  the  hopper  by  a  ce¬ 
ment  truck  while  in  motion  and  the  water  is  brought  in  by  a  tank  truck. 
Finish  compacting  of  the  mixture  is  performed  by  rollers.  The  time 
from  the  cement  application  to  final  finishing  and  compacting  does  not 
exceed  1  hour  while  in  the  case  of  the  D-282  machine  it  exceeds  5 
hours.  After  compacting  and  finishing  the  surface,  suitable  conditions 
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for  formation  of  the  pavement  are  provided  for  by  curing,  as  in  the 
case  of  a  concrete  pavement. 

After  the  cement  sets,  the  pavement  surface  becomes  rough  and  re¬ 
quires  surface  treatment  by  organic  binders  for  creating  a  wearresis- 
tant  and  watertight  layer. 

It  is  gest  to  perform  the  surface  treatment  during  the  pavement 
curing  time,  in  order  to  maintain  the  mixture  at  its  greatest  moisture 
content,  but  together  with  this,  damage  to  the  pavement  by  the  pass¬ 
ing  of  machines  should  not  be  permitted. 

Surface  treatment  is  performed  by  spreading  over  the  pavement  sur¬ 
face  of  thinned  bitumen  in  the  amount  of  1.5-2  liters/faeter^  with  sub¬ 
sequent  spreading  of  sand  or  screenings  in  the  amount  of  1  meter^  per 
2 

100  meters  of  area.  When  the  soil- cement  acquires  the  necessary 
strength,  the  surface  is  rolled  by  2-3  passes  over  the  same  trace  of 
light  rollers. 

Surface  treatment  is  not  performed  in  the  construction  of  soil- 
cement  foundations. 

The  D-391  machine  is  serviced  by  the  S-386  cement  truck,  by  the 
D-351  truck  tank  for  water,  by  the  D-365  and  D-399  self-propelled 
rollers,  by  the  D-336  spreader,  the  D-164A  self-propelled  asphalt 
spreader,  a  light  motor  grader  and  a  ripper,  in  hard  soil.  The  produc- 
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tiv^ty  of  this  set  of  machines  is  up  to  15,000  meters  /shift. 

40.  REINFORCING  SOIL  PAVEMENTS  AND  FOUNDATIONS  BY  ORGANIC  BINDERS  US¬ 
ING  THE  METHODS  OF  MIXING  AT  THE  SITE  AND  IN  INSTALLATIONS 

Foil  pavements  made  from  optimal  mixtures  flow  when  made  ovemoist 
and  become  unpassable,  and  in  hot  weather  they  become  dusty  and  break 
up.  If  these  simple  pavements  are  treated  by  organic  binders,  they  be¬ 
come  stronger,  dustless,  watertight,  elastic  and  can  ensure  year 
round  take  offs  and  landings.  Soil  reinforeced  by  organic  binders  are 
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also  used  as  four iat ions  for  improved  and  penr.an<-nt  pavements. 


Soil  can  be  treated  by  binders  by  mixing  at  the  site  or  in  spe¬ 
cial  portable  mix ?rs  without  heating  and  drying  the  material  being  re¬ 
inforced.  The  on-the-site  nixing  method  is  the  more  widely  used  and 
simple.  The  main  requirement  in  treating  local  soil  consists  in  the 
fact  that  their  composition  be  close  to  optimal  and  that  they  should 
not  contain  harmful  Impurities  of  salts,  acids  and  alkalies,  which 
have  a  damaging  effect  on  the  pavement  being  produced.  Liquid  highway 
bitumen  of  various  brands  are  used  as  binders  in  treating  of  local 
soil,  soil-gravel  and  soil-macadam  mixtures  by  the  on-the-site  mixing 
method. 

The  binder  brand  and  the  rate  of  application  is  determined  depend¬ 
ing  on  the  kind  of  material  being  reinforced  and  on  the  climate  at  the 
construction  site. 

More  cohesive  bitumen  brands  should  be  used  in  regions  with  a  hot 
and  dry  climate,  with  the  class  A  fluid  or  shale  bitumen  recommended 
for  regions  with  a. large  amount  of  precipitation.  Approximate  consump¬ 
tion  rates  for  thinned  bitumen  for  reinforcing  mineral  materials  are 
given  in  Table  25. 

Bitumen  treated  soil  pavements  are  constructed  in  a  single  layer 
for  a  thickness  of  up  to  15  cm  and  in  two  layer  when  the  thickness  ex¬ 
ceeds  15  cm.  The  coverage  sections  is  taken  so  that  the  self-propelled 
asphalt  spreader,  when  spreading  the  binder  should,  in  a  single  pass 
or  an  integral  number  of  passes,  relieve  itself  entirely  of  the  bind- 
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er  when  the  application  rate  is  not  more  than  3-^  kg/meter  .  The 
coverage  section  width  is  equal  to  the  entire  runway  or  taxiway  width. 

No  special  distances  are  established  for  turning  the  machines  a- 
round,  and  sections  up  to  25  meters  long  where  machines  are  turned  a- 
bout  are  graded  and  compacted  for  the  second  time,  after  the  work 
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l)  Reinforced  mineral  materials;  2)  working  moisture,  in  of  the 
weight  of  the  mineral  material;  3)  approximate  consumption  rates  for 
liquid  bitumen  (waterless);  4)  £  of  the  weight  of  the  mineral  material 

5)  kg/meters3  of  the  mixture  in  the  solid  state;  6)  soil-gravel  and  . 
soil-crushed  stone  mixtures;  7)  sand  loam  with  a  plasticity  index  of 
3-7;  8)  argillaceous  soil  with  a  plasticity  index  of  7-12;  9)  argillace¬ 
ous  soil  with  a  plasticity  index  of  12-17. 

In  the  adjacent  coverage  sedtion  is  ended,  over  the  entire  pavement 
width. 

Construction  of  a  single  layer  pavement  by  the  on-the-site  mixing 
method  consists  of  preparatory,  main  and  finishing  operations. 

Preparatory  operations  include  earth  moving,  loosening  and  break¬ 
ing  up  the  soil  to  the  design  depth.  Introduction  of  additives  calcu¬ 
lated  for  obtaining  an  optimal  soli  mixture. 

The  following  are  the  main  operations:  sprinkling  the  soli.  If 
necessary.  Introduction  of  binder  Into  the  soli,  mixing  the  soil  with 
the  binder  to  obtain  a  homogeneous  mixture  and  compacting  the  mixture. 

Finishing  operations  consist  of  grading  and  surface  treatment  of 
the  pavement. 

The  quality  of  pavement  thus  constructed  depends  on  the  scheduled 
and  thorough  performance  cf  the  aforementioned  operations  and  on  con¬ 
tinuity  of  the  technological  process  In  the  flow. 

The  greatest  effect  of  soil  treatment  by  binders  Is  obtained  when 
Its  moisture  Is  optimal.  The  moisture  promotes  better  breaking  up  of 
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the  soil  skeleton,  unifora  spreading  of  the  binder  in  the  soil  on  mix¬ 
ing,  and  in  compacting  tK*  treated  mixture  it  ensures  the  greatest  den¬ 
sity  of  the  pavement.  Whet,  the  treated  material  is  optimally  moist,  the 
time  required  for  mixing  it  is  decreased.  The  soil  is  made  moist  by 
sprinkling  machines. 

After  being  sprinkled  the  soil  is  mixed  by  harrows  in  the  wet 
state  by  3-3  passes  over  the  same  trace.  The  field  laboratory  controls 
the  required  moisture. 

Binders  can  be  applied  to  the  loosened  soil  by  several  passes  of 
the  D-397  drawn  asphalt  spreader  hitched  to  the  D-351  large  capacity 
truck  tank  or  by  a  special  self-propelled  asphalt  spreader  train.  The 
rate  of  application  by  the  enumerated  machines  per  one  pass  varies 
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within  wide  limits  (from  0.5  to  7  liters/meters  ).  The  higher  applica- 
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tlon  rate  of  not  more  than  7  litersAieter  is  used  in  the  first  pass 

p 

while  not  more  than  3  lltersAieter  is  used  in  the  subsequent  passes. 

The  self-propelled  asphalt  spreaders  apply  bitumen,  tar  and  emul¬ 
sions  in  the  cold  as  well  as  in  the  hot  state.  The  binders  can  also  be 
applied  by  the  B-445  rotary  tiller  through  a  special  delivery  system 
mounted  on  the  tiller. 

The  working  temperature  of  the  bitumen  being  spread  depends  on  the 
bitumen  brand  and  on  the  air  temperature  during  application,  which 
should  be  not  lower  than  +15°.  The  first  application  of  binder  is  made 
into  moist,  loosened  and  broken  up  soil  with  a  strip  width  of  up  to  7 
meters.  Immedi  itely  after  the  first  application,  harrows  or  cultivators 
ar  used  for  mixing  the  soil  with  the  binder  in  order  to  made  it  possi¬ 
ble  for  it  to  penetrate  into  the  soil  being  treated  to  the  design 
depth.  After  each  successive  application  the  soil  is  intermixed  by  2-3 
harrow  passes,  and  after  the  last  application  of  binder  the  soil  is 
finish  mixed  by  a  rotary  tiller  or  by  a  motor  grader  over  the  entire 


width  of  the  section.  This  requires  3-^  passes  of  the  tiller  or  80-100 
passes  of  the  motor  grader  over  the  sane  trace  (mixing  with  motor  gra¬ 
ders  does  not  ensure  high  mixing  quality). 

The  mixing  of  the  mixture  is  teminated  when  the  soil  being  treat¬ 
ed  acquires  a  uniform  dark-brownish  color,  and  when  the  mixture  is 
pressed  In  the  palm  a  lump  is  formed  which  falls  apart  easily  when 
waves  created  by  motor  grader  passes  become  fluid. 

The  D-391  self-propelled  soli  mixer  which  should  be  serviced  by 
the  0-351  tank  truck  or  the  D-164A  self-propelled  asphalt  spreader  can 
be  used  for  intermixing  the  soil  with  organic  binders.  The  D-391  ma¬ 
chine  is  an  integrated  unit  and  performs  all  the  operations  of  black 
soil  pavement  construction  in  a  single  pass. 

After  final  mixing  the  mixture  is  rough  graded  by  2-3  passes  of  a 
motor  grader  over  the  same  trace  and  then  it  is  rolled. 

First  the  mixture  is  compacted  by  light,  and  then  by  medium  and 
heavy  motor  rollers  or  by  self-propelled  rollers  on  pneumatic  tires. 

Attention  is  paid  during  rolling  to  the  evenness  of  the  pavement 
surface  and  to  its  density.  Compacting  is  performed  from  the  edges  to¬ 
ward  the  middle  for  a  crown  cross  section  and  from  the  lower  side  for 
a  pavement  cross  section  sloping  to  one  side,  according  to  the  shuttle 
scheme.  When  constructing  a  single  layer  foundation,  this  terminates 
the  work. 

If  the  foundation  or  pavement  is  double  layered,  then  the  afore¬ 
mentioned  processes  for  constructing  the  lower  layer  are  repeated  with 
addition  of  processes  for  transporting  soil  for  the  upper  layer  and  of 
surface  treatment  in  the  case  of  pavement  construction. 

A  disadvantage  in  the  use  of  the  above  set  of  machines  for  con¬ 
structing  the  upper  layer  is  the  fact  that  the  lov/er  layer  can  be  de¬ 
formed  by  their  passing,  and  the  intactness  of  the  lov/er  compacted  lay- 
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er  can  be  disturbed  In  Intermixing  the  upper  layer  by  the  rotary  til¬ 
ler  or  motor  grader.  In  case  It  Is  advantageous  and  rational  to 
use  a  special  set  of  machines  for  constructing  the  first  and  second 
layers.  The  basic  machines  of  this  set  consist  of  the  portable  D-370 
mixer  with  the  D-371  or  D-415  tractor- loader  (Fig.  75)*  which  contin¬ 
uously  perform  the  entire  mixture  preparing  process.  The  D-371  loader 
supplies  soil  from  the  pile  to  the  hopper  of  the  D-370  mixer. 

The  D-415  loader  Is  unified  with  the  working  speeds  of  the  D-150A 
asphalt  spreader,  which  makes  it  possible  to  Include  Into  the  set  of 
machines  the  D-150B  asphalt  spreader  for  spreading  and  compacting  the 
mixture.  If  necessary,  when  the  soil  Is  overmolst,  the  D-415  loader 
esn  tow  the  D-38I  drying  drum  and  supply  to  it  soli  from  the  pile  for 
drying  and  wanning  up. 

In  constructing  a  twin- layer  pavement  the  normal  operation  of  the 
set  of  D-370  and  D-371  machines  is  ensured  by  supplying  the  section 
with  soil  for  the  lower  layer  brought  In  from  the  quarry  by  dump  trucks 
which  Is  then  laid  by  a  motor  grader  In  a  continuous  wind  ow  with  a  un- 

p 

form  cross  section  of  up  to  0.4  meters  over  the  entire  length.  The  di¬ 
mension  of  the  windrow  bottom  should  not  exceed  2,5  meters.  In  order 
to  make  It  oosslble  to  cover  the  entire  material  by  the  scraper  bucket 
of  the  D-371  or  D-415  loader. 

Additives  for  obtaining  optimal  mixtures  can  be  introduced  into 
these  soil  windrows  with  subsequent  intermixing  by  a  rotary  tiller  of 
motor  grader. 

The  D-371  or  D-415  loader  raises  the  soil  from  the  windrow  and 
loads  it  into  the  hopper  of  the  D-370  mixer.  Then  (in  the  D-370  mixer) 
the  soil  passes  through  a  proportioning  device  into  the  mixing  unit  and, 
after  being  mixed  there  with  hot  bitumen,  is  supplied  through  a  trough 
to  the  D-150B  spreader.  The  bitumen  is  supplied  to  the  service  tank  of 

the  operating  mixer  by  the  asphalt  spreader  which  moves  side  by  side  with  the  mixer. 
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Fig.  75*  Technological  scheme  of  the  operation  of  the  D-370  mixer. 

1)  1>-371  (D- 415)  loader;  2)  receiving  hopper  of  the  mixer;  3)  slat  feed 
conveyer;  4)  spreading  pipe;  5)  twin-roller  mixer;  6)  unloading  trough; 
7)  service  tank  for  binder  with  2650  liters  capacity;  8)  proportioning 
bitumen  pump;  9)  proportioned 

If  the  IX- 150 A  spreader  Is  not  available,  the  finished  mixture  us¬ 
ed  for  constructing  the  upper  layer  is  leveled  out  by  motor  graders  o- 
ver  the  entire  width  of  the  coverage  section  or  strip  and  Is  compacted 
by  motor  rollers.  The  signs  showing  that  the  mixture  has  been  compacted 
is  the  absence  of  tracks  when  a  heavy  roller  passes  and  cessation  of 
wave  formation  ahead  of  the  roll  of  the  roller. 

The  following  set  of  machines  Is  needed  in  conjunction  with  the 
D-370  mixer: 

Dump  trucks  as  calculated  The  D-150B  spreader  1 

Light  motor  grader  1  The  D-365  roller  1 

B-371  or  D-415  loader  1  The  D-399  roller  2 

D-370  mixer  1  D-3 66  spreader  1 

D-164A  self-propelled  asphalt  spreader  as  calculated 

The  productivity  of  this  Integrated  mechanized  team  Is  up  to  500 
0 

meters  shift.  The  scheme  for  organizing  the  flow  of  work  Is  given  In 
Fig.  76. 

The  technological  process  for  constructing  soil-macadam,  soil-gra¬ 
vel,  sand-gravel  and  slag  pavements  and  foundations  by  mixing  at  the 
site  In  a  portable  Installation  such  as  the  D-370  Is  very  close  to  the 

process  of  constructing  soil  pavements  and  Is  not  considered  separately 
for  this  reason.  These  pavements  have  a  rough,  uneven  surface  for  which 
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Pig.  76.  Scheme  of  flow  in  constructing  pavements  by  the  on-the-site 
mixing  method  using  the  D-370  mixer.  1;  Supply  of  mineral  material  by 
dump  trucks;  2)  distribution  of  additives  over  the  gravel  material  and 
constructing  a  windrow  by  a  motor  grader;  3)  receiving  bitumen  by  the 
D-370  mixer  and  mixing  of  the  mineral  material  and  the  bitumen;  4) 
spreading  and  grading  of  the  bitumen-mineral  mixture  by  a  motor  grader; 
5)  compacting  the  pavement  surface  by  D-260  and  D-219  rollers;  a;  di¬ 
rection  of  flow. 

reason  their  construction  is  finished  by  single  or  double  surface 
treatment. 

Of  special  importance  is  surface  treatment  of  black  soil  pavements, 
constructed  in  regions  with  a  hot  and  dry  summer,  when  the  pavements 
are  heated  by  the  sun  during  the  day  and  become  plastic  and  unstable. 

In  single  surface  treatment,  after  the  surface  is  cleaned  of  dust 
and  dirt,  hot  bitumen  in  the  amount  of  1.5-2.25  1  iters  Aieter  is  spread 
on  it  by  a  self-propelled  asphalt  spreader. 

The  higher  application  rate  is  used  when  the  pavement  surface  is 
rough  and  also  in  regions  with  a  cold  and  wet  climate.  Immediately  af¬ 
ter  the  binder  application,  stone  fiens  or  screenings  in  the  amount  of 
up  to  1  meter^  per  100  meters^  of  pavement  are  spread  by  the  D-336 
spreader.  The  spread  stone  material  is  rolled  by  motor  rollers  weigh¬ 
ing  5-6  tons  by  2-3  passes  over  the  same  trace.  Rolling  is  repeated  in 
warm  periods  for  a  few  days  after  the  pavement  was  constructed. 

Double  surface  treatment  consists  of  the  following  operations  s 
clearing  the  pavement  of  dust  and  dirt;  first  binder  application  (1.5-2 

A 

liters/neter  );  spreading  of  screenings  with  15-5  mm  grain  size  in  the 
amount  of  1  meter^  per  100  meters^;  rolling  by  light  smooth  rollers 
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weighing  5-6  ions  (5-7  passes  over  the  same  trace);  second  binder  ap- 

A 

plication  (l-.\,5  liters /feeter  )  of  the  same  brand  and  spreading  of 
atone  fines  or  sand  In  the  amount  of  0.5-0. 8  meters J  per  100  meters  . 

Cohesive  bitumen  and  hard  crushed  stone  is  used  for  surface  treat¬ 
ment,  since  It  creates  a  wearing  layer  which  increases  the  pavement 
strength. 

41.  CONSTRUCTING  PENETRATION  MACADAM  PAVEMENTS 

The  penetration  method  is  used  in  treating  new  macadam  pavements 
or  for  reinforcing  old  pavements.  Depending  on  the  availability  of  mao* 
ad  am- producing  materials  and  the  ultimate  use  of  the  pavement,  pene¬ 
tration  may  be  normal  to  a  depth  of  6-9  cm  and  light-duty  to  a  depth 
of  4-5  cm. 

The  main  advantage  of  pavements  produced  by  the  penetration  meth¬ 
od  Is  their  high  strength,  which  is  close  to  the  strength  of  the  as¬ 
phaltic  concrete  pavement. 

The  disadvantages  of  the  penetration  method  consist  In  the  fact 
that  it  is  labor  consuming  and  that  the  binder  is  not  uniformly  dis¬ 
tributed  over  the  treated  macadam. 

For  normal  penetration  the  maximal  size  of  the  main  crushed  stone 
particles  la  up  to  65-70  mm.  The  crushed  stone  should  be  of  uniform 
strength,  clean  and  dry,  which  will  ensure  better  penetration  of  bitu¬ 
men  between  the  crushed  stone  fractions  and  adherance  of  the  binder  to 
Its  surface. 

The  crushed  stone  is  supplied  to  the  prepared  foundation  and  Is 
leveled  out  by  the  motor  grader  in  a  layer  which  is  by  25- 3°^  thicker 
than  the  design  thickness  of  the  pavement  (taking  Into  account  the  sub¬ 
sequent  compaction  on  rolling).  Usually  the  crushed  stone  13  dumped  in 
strips  alone  the  runways.  The  width  of  the  strip  Is  taken  In  accordance 
to  the  spreading  width  of  the  self-propelled  asphalt  spreader  and,  de- 


pending  on  local  conditions,  comprises  15-21  meters.  The  spread  coarse 
crushed  stones  are  compacted  by  motor  rollers  without  sprinkling  with 
water  and  without  filling  with  chippings,  first  by  light  and  then  by 
medium  rollers.  The  compaction  thus  produced  Is  Incomplete,  and  Is  ter¬ 
minated  as  soon  as  the  stone  particles  cease  moving,  but  this  ensures 
penetration  of  the  applied  bitumen  Into  the  entire  treated  depth.  If 
sections  with  dirt  filled  pores  between  the  stone  particles  are  found 
after  rolling,  the  crushed  stone  Is  removed  from  these  sections  and  Is 
replaced  by  clean  material. 

After  compacting,  the  first  main  application  of  binder  Is  perform- 
ed  by  an  asphalt  spreader  in  the  amount  of  3-4  ilters/faeters  .  During 
the  first  application  special  care  must  be  aken  to  keep  the  depth  of 
penetration  of  bitumen  Into  the  pavement  unifora.  If  Individual  sec¬ 
tions  which  are  either  not  impregnated  or  excessively  "fat"  are  found 
during  the  application,  the  obtained  application  defects  should  be  cov¬ 
ered  over  by  bitumen  from  a  manual  asphalt  spreader,  and  the  bitumen 
sticking  to  the  thick  spots  should  be  removed  by  cutting  It  off  with  a 
heated  Iron  shovel. 

After  the  Initial  application  the  depth  of  penetration  Is  checked 
by  test  boring  the  pavement. 

Immediately  after  the  first,  main  application,  as  long  as  the  bind¬ 
er  is  at  a  high  temperature,  small  crushed  stone  with  particle  size  of 
25-35  mm  In  the  amount  of  3-4  meters^  per  100  meters^  Is  spread  by  the 
D-336  spreader.  After  -spreading,  the  crushed  stone  Is  swept  Into  spaces 
between  the  main  coarse  crushed  stone  fractions;  here  the  fine  broken 
stone  should  fill  the  voids  but  should  not  crcat  a  separate  surface 
layer. 

After  the  fine  crushed  stone  has  been  spread  and  before  the  applied 
binder  has  cooled,  the  spread  layer  is  rolled  by  motor  rollers  weighing 


nJ«c 


10-12  tons  by  3-4  passes  over  the  sane  trace.  The  level  of  the  surface 

Is  checked  by  leveling  rods  in  the  compacting  process.  All  defects  are 

eliminated  by  adding  crushed  stone  and  binder. 

After  rolling  and  correction  of  undulations  a  second  application 

of  binder  Is  made  by  a  self-propelled  asphalt  spreader  In  the  amount  rvf 

2 

2.5-3  liters  per  1  meter  .  Then  shippings  with  15-25  mm  grain  size  are 
spread  In  the  amount  of  up  to  1  meter^  per  100  meters2  with  compaction 
by  3-4  passes  of  heavy  rollers. 

2 

The  third  binder  application  deposits  2-2.5  liters  per  1  meter 
and  stone  fines  with  15-5  mm  grain  size  are  spread  In  the  amount  of  up 
to  0.9  meters^  per  100  meters2.  The  heavy  roller  makes  4-5  passes  over 
the  same  trace. 

The  fourth,  final  binder  application  Is  perforated  In  order  to  pro¬ 
duce  a  protective  layer  by  single  treatment.  1.5-2  liters  of  bitumen 

o 

are  spread  per  1  meter  .  After  the  bitumen  application,  screenings  or 

«a  p 

sand  Is  spread  In  the  amount  of  up  to  0.8  meters-5  per  100  meters  and 

•  * 

final  rolling  Is  perforated  using  heavy  rollers  making  2-3  passes.  The 

«  2 

total  consumption  of  crushed  stone  Is  pu  to  13  meters-5  per  100  meters 

2 

and  the  total  bitumen  consumption  Is  up  to  12  liters  per  1  meter  . 

Light-duty  Impregnation  to  a  depth  of  4-6  cm  Is  performed  only  In 

constructing  Intra-airport  automotive  roads. 

The  sequence  of  operations  lr.  light-duty  Impregnation  Is  the  same 

as  In  noraal  Impregnation:  the  difference  consists  only  In  the  rate  of 

application  of  the  binder  and  In  the  dimensions  of  stone  material  used. 

The  total  consumption  of  crushed  stone  In  light-duty  Impregnation  Is  up 

to  10  meters-5  per  100  meters  and  the  bitumen  consumption  Is  up  to  9 

2 

liters  per  1  meter  .  The  maximal  grain  size  of  the  crushed  stone  used 
la  35-40  mm. 

Qiavel  and  slag  pavements,  due  to  their  nonunlfora  strength  and 


composition  lose  their  strength  (have  a  poor  wedging  action)  when  Im¬ 
pregnated.  For  this  reason  gravel  and  slag  pavements  and  foundations 
are  most  frequently  reinforced  by  organic  binding  materials  by  the  on- 
the-slte  mixing  method  In  portable  or  stationary  mixing  installations. 
42.  CONTROL  OF  THE  WORK  QUALITY  AND  EES  ACCEPTANCE 

Soli  cement  and  black  airport  pavements  are  accepted  by  a  commis¬ 
sion  15-20  days  after  their  construction  has  been  completed. 

The  quality  of  pavements  Is  estimated  by  visual  observation  and  by 
checking  the  density,  strength  and  evenness  of  the  pavement  and  the 
conformance  of  linear  dimensions  and  slopes  to  design  specifications. 

A  pavement  surrendered  for  use  should  be  dense,  should  not  contain 
spots  with  excessive  or  Insufficient  binder. 

The  pavement  density  Is  checked  by  passing  over  it  loaded  trucks 
or  by  taxing  of  aircraft  with  full  takeoff  weight,  for  which  the  pave¬ 
ment  has  been  made.  Here  the  depth  of  tracks  on  pavements  made  by  the 
mixing  method  should  not  exceed  2  mm,  and  on  pavements  produced  by  the 
penetration  method  no  tracks  should  be  observed. 

The  density  of  soli  cement  pavements  can  be  determined  by  ultra¬ 
sonic  Inspection  by  the  speed  of  propagation  of  a  shock  wave  or  by  the 
Irradltlon  method  using  radioactive  Isotopes. 

In  accepting  a  pavement  produced  by  the  mixing  method  its  thick¬ 
ness  and  the  mixture  quality  (color,  mixing  uniformity,  uniformity, 
lack  or  excess  of  binder,  etc. )  Is  checked  by  making  cuts  In  the  pave¬ 
ments  each  250  meters  In  the  longitudinal  direction  and  In  not  less 
than  two  points  at  each  cross  section.  The  allowable  deviations  from 
the  design  thickness  should  not  exceed  +10£. 

The  physical  and  mechanical  properties  or  samples  removed  from  the 
pavement  are  checked  In  the  laboratory. 

The  conformance  of  the  pavement  slopes  Is  checked  by  leveling  at 


each  stake.  The  allowable  deviations  from  design  grades  may  not  exceed 
+0.0025.  The  pavement  surface  should  not  have  noticeable  depressions 
(saucers ) ,  where  water  may  collect.  If  necessary*  the  surface  level  is 
cheeked  by  a  3  meter  leveling  rod*  the  microtopography  Irregularities 
here  allowed  are  not  more  than  5  ion. 

The  linear  dimensions  of  the  pavement  are  checked  by  a  steel  mea¬ 
suring  ribbon  In  the  logltudlnal  direction  along  the  runway*  taxiway 
and  apron  axes  and  not  less  than  each  200  meters  In  the  transverse  di¬ 
rection.  The  allowable  deviations  of  linear  dimensions  from  design  val¬ 
ues  should  not  exceed  +l£  In  the  width  and  +0.2£  In  the  length.  All  de¬ 
fects  exposed  during  accepting  should  be  eliminated. 
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Chapter  6 

i 

CONSTRUCTING  ASPHALTIC  CONCRETE  PAVEMDJTS 
Asphaltic  concrete  pavements  are  regarded  as  nonrig id,  permanent 
pavements  possessing  high  strenght,  long  service  life,  elasticity  and 

} 

watertightness.  The  main  disadvantage  of  this  type  of  pavements  Is  the 
necessity  of  constructing  strong  foundations,  dependence  fo  the  pave¬ 
ment  construction  on  local  climatic  conditions  and  low  temperature  sta¬ 
bility. 

The  asphaltic  concretes  are  subdivided  by  the  grain  size  of  the 
stone  material  Into  coarse  grained  with  maximal  grain  size  up  to  35  mm, 
medium  grained  with  maximum  grain  size  up  to  25  mm,  fine  grained  with 
maximum  grain  size  up  to  15  mm  and  sand  with  grain  sizes  up  to  5  mm. 

Cold  asphaltic  concrete  mixtures  are  predominantly  fine  grained.  Most 
extensively  used  for  pavement  construction  are  hot  coarse  grained  and 
medium  grained  asphaltic  concrete  mixtures. 

■3.  CONSTRUCTING  ASPHALTIC  CONCRETE  FAVE-IENTS  FROM  HOT  MIXTURES 

Construction  of  asphaltic  concrete  pavements  from  hot  mixtures 
consists  of  the  following  processes:  preparing  She  foundation;  prepar¬ 
ing  and  transporting  the  asphaltic  concrete  nix;  laying  the  mix;  com¬ 
pacting  the  deposited  asphaltic  concrete  mix  and  finishing  the  surface. 

Asphaltic  concrete  pavements  are  moderate  in  thickness  (4-10  cm) 
for  which  reason  they  are  constructed  on  strong  3tone  or  concrete  foun¬ 
dation.'.  Old  pavements  being  repaved  can  be  used  as  foundations. 

The  foundation  on  which  the  asphaltic  concrete  mix  Is  placed 
should  be  level,  properly  compacted,  cleaned  of  dust  and  dirt  and  dry. 


All  the  foundation  undulations  are  made  level  before  placing  of  asphal¬ 
tic  concrete  and  are  filled  with  the  same  material  from  which  the  foun¬ 
dation  la  constructed. 

Simultaneously  with  correcting  the  surface,  the  foundation  Is 
cleared  of  dust  and  dirt  by  mechanical  brushes  or  by  using  a  compressed 
air  stream  supplied  by  a  compressor. 

If  the  foundation  la  very  dirty,  washing  machines  may  be  necessary 
for  removing  the  dirt. 

The  technological  scheme  of  constructing  asphaltic  concrete  pave¬ 
ments  Is  presented  In  Table  26. 

TABLE  26 
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A)  Number  of  coverage  sections;  B)  number  of  processes;  C)  process  de¬ 
scriptions;  0)  1.  removing  dust  and  dirt  from  the  foundation;  2.  Bitu¬ 
men  cutback  application  (subbase};  E)  3.  Laying  the  lower  layer;  4. 
Compacting  the  lower  layer;  P)  5.  Laying  the  upper  layer;  6,  Compacting 
the  upper  layer;  0)  7.  Surface  treatment;  H)  Curing  the  pavement;  I) 
machines  used;  J)  1.  D-154  mechanical  brush;  2.  KPM-1  sprinkling  and 
washing  machine;  5.  Compressor;  4.  Self-propelled  asphalt  spreader;  5> 
Drying  machine;  K)  1.  D-1503  asphalt  spreader;  ZhES-45  electric 
generator  unit;  3,  D-83  and  D-I78B  motor  rollers;  L)  1.  D-150B  asphalt 
spreader;  2.  Motor  rollers  weighing  5  tons  D-83  A.  The  same  as  above  and 
IV176B;  M)  1.  D-2*>1  self-propelled  asphalt  spreader;  2.  D-336  spreader; 
M)  D-336  spreader. 

Subsequent  treatment  of  the  foundation  by  a  binder  can  be  perforat¬ 
ed  only  after  It  has  dried  or  after  it  has  been  artificially  dried  by 
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drying  machines. 

To  ensure  reliable  coupling  between  the  asphaltic  concrete  and  the 
old  pavement  or  foundation,  after  they  are  cleaned  and  dried  cutback 

O 

bitumen  or  tar  In  the  amount  of  1  liter/neter  of  treated  surface  Is 
applied.  The  asphaltic  concrete  mix  Is  laid  on  newly  constructed  foun¬ 
dations  treated  with  organic  binders  after  the  surface  has  been  thor¬ 
oughly  cleaned  without  preliminary  treatment  by  binders. 

In  all  cases  single  layer  asphaltic  concrete  pavements  may  not  be 
constructed  a  stone  nad  gravel  foundations  not  previously  treated  by  a 
binder. 

Preparing  and  Transporting  the*  Asphaltic  Concrete  Mix 

The  asphaltic  concrete  mix  Is  prepared  at  plants  (Fig.  77)  •  The 
production  process  for  preparing  mixes  at  the  asphaltic  concrete  plant 
depends  on  the  required  quality  and  on  the  design  of  the  mixer  used. 

Irrespective  of  the  mixer  classification  the  following  processes 
compose  the  asphaltic  concrete  preparing  operation:  sorting  and  pro¬ 
portioning  of  mineral  materials  Into  the  drying  drum,  drying  and  heated 
of  materials,  preparing  and  heating  bitumen  or  tar,  batching  of  com¬ 
ponents  Is  accordance  with  the  specified  composition  and  intermixing 
them  In  the  hot  state.  The  composition  of  asphaltic  concrete  nixes  13 
established  by  the  construction  site  laboratory  In  accordance  with  en¬ 
gineering  rules. 

Organization  of  hauling  the  asphaltic  concrete  mix  from  the  mixer 
to  the  point  of  placing  should  satisfy  the  following  requirements:  pro¬ 
tecting  the  mix  from  loses,  protecting  it  from  cooling,  separating  in¬ 
to  layers  and  contamination;  the  productivity  of  the  transportation 
facilities  should  correspond  to  the  productivity  of  the  mixer  and  the 
rate  at  which  the  asphaltic  concrete  is  placed  in  the  pavement. 

The  duration  of  hauling  the  mix  from  the  mixer  to  the  point  of 
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Fig.  77*  Asphaltic  concrete  plant,  l)  Sand  storage;  2)  crushed  stone 
storage;  3)  propotloning  hopper;  4)  stone  materials  elevator;  5)  dry¬ 
ing  drum  of  mixer;  6)  mixer;  7)  mineral  powder  warehouse;  8)  bitumen 
boilers;  9)  laboratory;  10)  bitumen  storage;  a)  mineral  powder;  b)  bitu¬ 
men;  c)  sand;  d)  crushed  stone;  e)  asphaltic  concrete  mix. 

placing  Is  established  by  the  construction  site  laboratory  depending  on 
the  hauling  distance,  air  temperature  and  on  the  time  necessary  to  make 
the  placed  mix  Into  a  pavement. 

Sump  trucks  are  used  In  airport  pavement  construction  for  hauling 
the  asphaltic  concrete  mix. 

The  dump  trucks  used  should  be  clean.  In  proper  operating  condition 
and  should  have  bodies  which  could  be  tightly  closed. 

In  order  to  ensure  better  sliding  down  of  the  mix,  the  dump  truck 
body  should  be  lightly  lubricated  at  the  start  of  the  shift  and  every 
2-3  hours  of  work  by  petroleum  or  spent  lubricants. 

In  order  to  protect  the  mix  from  cooling  In  prolonged  transporta¬ 
tion  (more  than  10  minutes),  low  temperatures  and  windy  weather,  the 
asphaltic  concrete  mix  should  be  covered  by  tarpaullnes  (Fig.  78)  or 
wooden  covers. 

Poor  state  of  approach  roads  results  In  separating  the  layers  of 
the  asphaltic  concrete  mix,  for  which  reason  they  should  be  maintained 
In  good  condition. 

The  need  In  transportation  facilities  for  hauling  the  mix  Is  cal- 
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Pig.  78.  Tarpaullne  for  the  body  of 
the  ZIL-585  dump  truck  in  the  road 
position. 


eulated  in  the  following  sequence. 

The  duration  of  one  trip  is  calculated: 

<-M.>2SL+4. 

where  tR  is  the  time  for  loading  the  asphaltic  concrete  mix,  minutes; 
tr  is  the  unloading  time,  minutes;  i  is  the  hauling  distance,  minutes; 
Vgr  is  the  average  road  speed  of  the  truck,  kilometers /ho«i-. 

The  number  of  trips  per  shift  is  determined: 


where  T  is  the  duration  of  the  shift,  hours;  Kyr  is  the  coefficient  of 
utilization  of  the  dump  truck  time;  t  is  the  trip  duration,  minutes. 

The  productivity  of  the  dump  truck  is  calculated: 

where  <j  is  the  load  carrying  capacity  of  the  dump  truck,  tons;  y  is  the 
specific  weight  of  the  asphaltic  concrete  mix,  tons/neter^  and  n  13  the 
number  of  trips  per  shift. 

The  need  for  dump  trucks  per  shift  is  determined: 

"mS«- 

where  is  the  specified  rate  of  placing  the  asphaltic  concrete  mix, 
tons/shift  and  ^  is  the  productivity  of  the  dump  truck,  tons /shift. 


s 
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Placing  of  the  Asphaltic  Concrete  Mix  Into  a  Pavement  and  Compacting  It 

Asphaltic  concrete  pavements  frcn  hot  n.Ixen  are  constructed  In 
warm,  dry  weather  at  an  air  temperature  of  not  lower  than  10°.  The  as¬ 
phaltic  concrete  mix  is  placed  In  one  layer  4-5  cm  thick  or  In  two  lay¬ 
ers  7-10  cm  thick.  The  lower  limit  of  pavement  thickness  Is  used  for 
medium  grain  asphaltic  concrete,  and  the  upper  limit  Is  used  for  coarse 
grain  material. 

Before  starting  the  work  and  In  cold  weather  the  smoothing  out 
plate  of  the  spreader  is  heated  by  a  nozzle  so  that  the  mix  does  not 
stick  to  its  surface. 

Rolling,  vibrating  and  tamping  is  used  for  finish  compacting  the 
placed  asphaltic  concrete  mixture  after  the  spreader  pass.  Rolling  by 
self-powered  motor  rollers  is  up  to  the  present  time  the  most  widely 
used  compaction  method. 

The  rolling  regime  approximately  requires  5-10  passes  of  light  and 
20-25  passes  of  heavy  roller  overthe  same  trace.  The  total  number  of 
passes  Is  25-30*  Rolling  is  terminated  when  no  traces  of  rear  rolls  of 
heavy  rollers  are  observed.  Before  the  rolling  is  finished,  the  pave¬ 
ment  surface  becomes  shiny  due  squeezed  out  bitumen. 

Self-propelled  vibrating  rollers  have  come  into  use  in  the  last 
few  years  for  finish  compacting  of  the  asphaltic  concrete  mix.  The  vi¬ 
bration  method  Increases  the  degree  of  compaction  and  the  operational 
productivity  by  a  factor  of  2-3  by  decreasing  the  number  of  passes, 
makes  possible  work  at  lower  temperatures  and  as  a  whole  decreases  the 
compacting  cost  by  a  factor  of  2-3. 

Vibrating  rollers  are  light  weight  and  lower  power  consumption  in 
comparison  with  static  action  rollers.  Stopping  the  rollers  or  sharply 
changing  their  direction  during  rolling  is  not  peimitted.  Compacting 
should  start  not  later  than  at  a  mix  temperature  not  lower  than  110- 
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120°  in  the  case  of  thick  bitumen  and  80°  for  thin  bitumen. 

When  coarse  grained  asphaltic  concrete  Is  used  the  surface  Is  al¬ 
so  subjected  to  a  single  treatment. 

The  asphaltic  concreter  mix  Is  placed  along  the  runway  or  taxiway 
by  the  D-150B  spreader  In  accordance  with  the  longitudinal  or  longl- 
tud Inal- sect Ion  scheme.  After  the  spread  bitumen  cutback  dries,  the 
lower  layer  and  then  the  top  layer  are  placed.  The  time  Interval  be¬ 
tween  placing  of  the  lower  and  upper  layers  should  be  minimal  In  order 
to  avoid  dirting  of  the  lower  layer  surface,  but  placing  it  may  not 
start  before  the  the  lower  layer  has  completely  cooled. 

Before  the  spreader  starts  Its  work,  girders  whose  height  deter¬ 
mines  the  thickness  of  the  layer  to  be  placed,  are  laid  at  the  edges 
of  the  firat  row.  The  position  of  the  smoothing  plate  should  be  adjus¬ 
ted  at  the  beglnlng  of  spreading. 

The  dump  truck  drives  up  In  reverse  until  It  Is  tight  against  the 
protecting  rollers  of  the  spreader  and,  lifting  the  body,  dumps  the  mix 
In  the  receiving  hopper.  The  spreader  pushes  the  dump  truck  ahead  of 
Itself  in  the  unloading  process. 

The  spreader  receives  Into  its  hopper  upto  7.0  tons  of  asphaltic 
concrete  mix.  Care  should  be  taken  In  unloading  the  mix  from  the  dump 
truck  that  it  slide  completely  Into  the  spreader  hopper.  Fran  the  re¬ 
ceiving  hopper  the  asphaltic  concrete  mix  is,  by  scraper  feed  convex 
yors,  fed  to  two  worm  conveyers  which  spread  It  In  a  uniform  layer  o- 
ver  the  width  of  the  strip. 

The  amount  of  mix  supplied  to  the  worm  conveyers  depends  on  the 
pavement  thickness  and  the  working  speed  of  the  spreader  and  Is  cont¬ 
rolled  by  a  special  hopper  baffle.  The  necessary  pavement  thickness  is 
obtained  by  using  a  regulator. 

In  spreading  the  mixture  over  the  foundation  by  the  spreader  it  Js 
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partially  compacted  by  a  tamping  beam,  and  then  is  leveled  out  by  a 
smoothing  plate. 

The  most  important  stage  of  the  technological  process  in  placing 
of  asphaltic  concrete  is  the  construction  of  Joints  between  adjacent 
strips.  Following  methods  for  Joining  the  strips  are  passible. 

Joining  each  successive  strip  to  the  preceding  one,  which  has  not 
as  yet  cooled,  when  several  spreaders  move  one  after  the  other  at  a  dis¬ 
tance  of  5-10  meters.  In  this  case  a  continuous  pavement  is  obtained 
without  a  longitudinal  seam.  In  placing  the  second  strip  the  spreader  is 
situated  so  that  its  smoothing  plate  is  lowered  tightly  against  the 
edge  of  the  previously  placed  strip  overlapping  it  by  not  less  than  5 
cm,  and  a  space  of  3-  5  cm  is  left  between  the  tamping  beam  and  the  end 
of  the  previously  placed  strip. 

If  the  succedlng  strip  adjoins  the  preceding,  already  cooled  strip 
then  in  this  case  the  deges  of  the  previously  poured  strip  are  chopped 
off  before  the  spreader  pass,  and  are  lubricated  by  hot  bitumen,  or  the 
strip's  edge  is  artificially  heated  up  by  using  a  lengthwise  pile  of 
hot  asphaltic  concrete  mix.  It  is  best  to  cut  off  the  edges  of  the  pre¬ 
viously  laid  strip  by  a  disk  cutter,  mounts  on  a  motor  roller. 

In  all  cases  an  attempt  should  be  made  that  the  adjacent  asphaltic 
concrete  strip  be  Joined  before  the  mix  cools.  In  this  case  the  Joints 
are  of  higher  quality.  In  the  summer  time  using  one  spreader  at  an  air 
temperature  higher  than  20°  the  length  of  the  spreader  pass  is  taken  as 
lOtV-150  meters,  and  in  cool  weather  it  is  40-50  meters.  When  short 
forced  breaks  are  necessary  it  is  not  recommended  that  the  entire  mix 
loaded  into  the  spreaders  be  used  up,  but  a  part  of  it  should  remain 
for  maintaining  the  working  temperature.  The  D-150  spreader  is  a  con¬ 
tinuous  action  machine.  Its  productivity  depends  to  a  large  extent  on 
the  preparation  of  the  working  area  and  on  organizing  the  mix  supply 


delivery.  Interruption  In  supply  result  In  downtime  of  the  spreader  and 
in  losing  a  part  of  the  cooled  asphaltic  concrete. 

44.  CONSTRUCTING  PAVEffiKTS  FROM  COLD  ASPHALTIC  CONCRETE 

Airport  pavements  are  constructed  from  cold  asphaltic  concrete  by 
compacting  of  asphaltic  concrete  mixes  prepared  In  the  hot  state. 

Asphaltic  concrete  mixes  prepared  for  laying  In  the  cold  state 
should  be  capable  of  being  stored  for  up  to  one  year  from  the  time  of 
preparation  and  of  being  compacted  on  being  placed  Into  a  pavement  at 
temperatures  above  5°  under  the  action  of  light  rollers  and  track  and 
aircraft  wheel,  but  should  not  condense  due  to  their  weight  (settle  in 
storage).  Cold  asphaltic  concrete  mixes  are  effective  when  used  for  re¬ 
pairs.  They  can  also  be  used  for  constructing  single  layer  pavements 
up  to  6  cm  thick  and  of  a  wearing  layer  up  to  2  cm  thick. 

Cold  mixes  can  be  prepared  all  year  round  at  permanent  plants, 
since  they  do  not  lose  their  Initial  properties  by  being  kept  In  sto¬ 
rage  for  a  long  time.  In  addition,  cold  mixes  can  be  transported  over 
great  distances  by  tracks  and  railroad.  Contamination  of  cold  mixes  in 
transit  by  various  impurities  (shavings,  debris,  etc.)  Is  not  permitted. 

The  cold  asphaltic  concrete  mix  is  placed  Into  a  pavement  by  the 
same  machines  used  for  the  hot  mix.  The  main  feature  is  rolling  which, 
after  the  spreader  pass,  is  performed  by  light  or  medium  rollers  by  3- 
4  passes  over  the  same  trace.  Finish  compaction  of  the  pavement  of 
wearing  layer  made  from  cold  asphaltic  concrete  Is  achieved  by  inten¬ 
sive  track  or  aircraft  traffic.  2-3  months  are  required  forming  and 
hardening  of  the  pavement. 

45.  ACCEPTING  THE  WORK,  CONTROLLING  ITS  PERFORMANCE  AND  SAFETY  MEASURES 
IN  CONSTRUCTING  PAVH4ENTS  AND  FOUNDATIONS 

Receiving  the  Work  and  Controlling  its  Quality 

The  quality  of  asphaltic  concrete  operations  can  be  checked  vis- 
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ually,  by  instruments  ar  .  In  the  laboratory. 

In  accepting  the  mix  at  the  sit  of  placing  its  temperature,  homo¬ 
geneity  and  size  should  be  checked.  The  placing  temperature  of  the  mix¬ 
ture  la  determined  by  the  field  laboratory  depending  on  the  bitumen 
properties  and  the  weather  condition  In  the  placing  period. 

The  homogeneity  of  the  mix  Is  checked  visually.  It  should  not  con¬ 
tain  concent  rat ions  of  uniformly  sized  material,  dense  bitumen  spots, 
or  individual  grains  which  are  not  covered  by  bitumen.  The  greatest 
grain  size  of  stones  In  the  mix  for  the  lower  layer  of  twin- layer  pave¬ 
ments  and  for  single  layer  pavements  should  not  exceed  0.7  of  the 
thclkness,  and  for  the  .upper  layer  it  should  not  be  greater  than  25  mm. 

The  foundation  thickness  should  conform  to  that  specified  by  the 
pain,  should  be  clean  without  dents  and  defects.  The  elevations  and 
grades  of  the  surface  should  conform  to  design  spec  If  lact  Ions.  After 
the  asphaltic  concrete  has  been  placed,  the  pavement  surface  should  not 
contain  blow  holes,  saucers  and  cracks.  The  pavement  should  not  have 
discontinuities  and  cracks  at  Joints  of  Individual  strips.  The  eleva¬ 
tions  of  the  pavement  surface  may  deviate  from  design  specifications 
by  not  more  than  5  mm.  The  thickness  of  the  pavement  layer  Is  checked 

A 

by  test  cuts  (not  less  than  one  from  an  area  of  2500-3000  meters  ).  De¬ 
viations  on  the  lower  side  may  not  excedd  10j2  of  the  pavement  thick¬ 
ness.  The  level  of  the  pavement  surface  Is  checked  by  a  3  meter  level¬ 
ing  rod.  The  gap  should  not  exceed  5  mm. 

The  degree  of  compaction  Is  checked  by  laboratory  methods  by  cut¬ 
ting  samples  from  the  pavement. 

Traffic  over  the  pavement  starts  after  rolling  when  the  mix  cools. 

Safety  Measures  In  Constructing  Pavements  and  Foundations 

Organic  binders.  Danger  to  the  health  of  workers  working  with  or¬ 
ganic  binding  materials  consists  In  the  fact  that  these  materials  are 


used  In  the  hot  state,  their  vapors  are  difficult  to  remove  when 
splashed  on  the  skin  and  continuous  effects  result  In  chronic  skin  de- 
seases.  The  following  requirements  must  be  satisfied  when  working  with 
organic  binding  materials. 

Loading  and  feeding  them  Into  boilers  for  steaming  should  be  per¬ 
forated  only  at  night  or  during  cool  hours  of  the  day. 

All  workers  working  with  tar,  bitumen  and  coal  pitch  should  be 
provided  with  canvas  clothing,  gloves  and  goggles. 

Tar  and  pitch  should  not  be  allowed  to  touch  the  skin. 

Not  more  than  3/4  capacity  of  the  boiler  should  be  filled  with 
bitumen  for  heating.  The  boiler  should  have  a  cover  and  reliable  fence. 

Bitumen  melting  boilers  should  be  provided  with  fire  extinguishers, 
shovels  and  sand  boxes. 

Binder  which  has  Ignited  In  the  boiler  should  not  be  extinguished 
with  water;  the  flames  can  be  beaten  down  with  sand  or  by  placing  the 
caver  on  the  boiler. 

The  entire  technical  personnel  and  workers  servicing  the  boilers 
should  be  trained  in  safe  methods  of  working  with  binders  and  should 
work  strictly  according  to  Instructions. 

The  self-powered  asphalt  spreader  nozzles  should  be  shut  off  dur¬ 
ing  spreading  of  the  binder. 

Mineral  binders.  The  following  requirements  muct  be  satisfied 
when  working  with  mineral  binders  (cement  and  lime). 

Closed  cement  and  lime  warehouses  should  be  ventilated. 

All  hole  type  lime  storage  places  should  be  fenced  In  or  covered. 

Worm  conveyers,  elevators  and  cement  lifting  equipment  should  be 
covered  by  hermetic  covers. 

Workers  charged  with  unloading  and  packing  of  cement  should  be 
provided  with  respirators  and  goggles. 
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Chapter  7 

CONSTRUCTING  CONCRETE  AND  REINFORCED 
CONCRETE  PAVEMENTS 

46.  GENERAL  CHARACTERIZATION  AND  COMPOSITION  OF  OPERATIONS 

Concrete  and  reinforced  concrete  monolithic  pavements  are  the  bas¬ 
ic  types  of  pennanent  pavements  at  modem  permanent  airports.  The  high 
strength,  long  service  life,  low  surface  wear  and  the  feasibility  of 
utilization  of  Integrated  mechanization  has  made  then  In  the  last  few 
years  Into  the  most  extensively  constructed  pavements  In  comparison 
with  those  made  from  other  materials. 

Concrete  pavements  are  constructed  In  either  one  or  two  layers  on 
artificial  foundations.  Twin  layer  pavements  are  designed  In  order  to 
use  In  the  lower  layer  local  less  strong  stone  materials  (gravel,  stone 
limestone,  etc.).  The  thickness  of  the  lower  layer  Is  taken  as  approx¬ 
imately  2/3  of  the  total  thickness  of  the  twin-layer  pavement,  while 
the  thickness  of  the  upper  layer  should  not  be  less  than  8  cm.  Twin- 
layer  pavements  are  constructed  either  as  monolithic  or  with  a  separat¬ 
ing  elastic  strip  between  the  layers.  In  the  latter  case  the  seams  of 
the  upper  layer  are  displaced  with  respect  to  the  seams  of  the  lower 
layer  by  half  the  size  of  a  plate,  which  produces  reinforcement  of 
edge  and  comer  sections  of  the  upper  layer  plates. 

Pavement  plates  are  usually  rectangular  In  shape  with  dimensions 
In  the  plan  without  reinforcements  from  3.5  x  3.5  to  3.5  x  5.0  meters. 
If  7  x  7  meter  and  larger  reinforcement  mesh  Is  available.  The  plates 
are  spa  rated  by  expansion  and  compression  seams. 


In  order  to  reinforce  edges  and  comers  of  plates  and  In  order  to 
provide  for  Joint  work  under  load,  adjacent  plates  are  Interconnected 
by  dowels  or  metal  pins.  Through  vertical  seams  are  used  In  pavements 
constructed  on  rigid  foundations  and  In  reinforced  concrete  pavements 
on  having  soil. 

Reinforced  concrete  pavements  are  constructed  for  heavy  aircraft 
loads,  under  unfavorable  soil  and  hydrologic  conditions  of  the  constru¬ 
ction  region,  at  points  where  the  pavement  Interests  with  communication 
and  utility  network,  at  points  at  which  taxlways  Join  runways  and  e- 
prons  and  at  terminal  site  ramps. 

In  reinforced  nonstressed  pavements  the  reinforcements  can  be 
placed  over  the  entire  plate  area,  along  its  perimeter  or  at  trans¬ 
verse  seams. 

If  the  operations  civer  a  sufficient  area,  then  concrete  and  rein¬ 
forced  concrete  nonstressed  pavements  are  constructed  by  the  mechanized 
high-speed  flow  method.  The  flow  consists  of  the  following  operations: 
final  grading  and  rolling  of  the  bed  bottom;  constructing  the  founda¬ 
tion;  placing  and  removal  of  side  forms;  placing  and  fastening  of  metal 
dowels  and  other  elements  of  butt  Joints;  manufacture,  transportation 
and  placing  of  reinforcements  (if  thl3  is  provided  for  by  the  design); 
preparing  and  transporting  the  concrete  mix;  placing  the  concrete  mix; 
cutting  and  pouring  of  3eams;  concrete  curing. 

The  enumerated  operations  are  performed  by  an  integrated  group  of 
concrete  placing  machines. 

Concrete  placing  machines  with  the  D-181V  modernized  concrete 
spreader  were  up  to  the  recent  pass  most  commonly  used  In  airport  con¬ 
struction.  A  set  of  these  machines  consists  of  the  side  form 

,  lacer,  the  I>l8lV  concrete  mix  spreader  with  side  loading,  the  M82V 
finishing  machine  and  the  D-195V  Joint  sawing  unit. 


261  - 


Starting  with  1958,  serial  production  of  these  machines  has  been 
discontinued*  but  they  are  still  used  by  airpor.  construciton  organi¬ 
zations  and  conform  to  the  requirements  of  airport  concrete  pavements 
construction.  At  the  present  tine  the  airport  construction  organiza¬ 
tions  are  receiving  a  new  set  of  concrete  placing  machines  with  the  D- 
375  spreader*  which  have  an  Increased  productivity  and  are  capable  of 
compacting  rigid  concrete  mixes. 

Placing  of  concrete  by  using  limited  mechanization  facilities  in 
the  construction  of  pavements  is  limited  only  to  sections  where  the  ef¬ 
ficiency  of  using  a  set  of  concrete  placing  machines  is  low  or  their 
use  Is  entirely  unfeasible  (joints  between  runways  and  taxlways*  of 
taxiways  with  individual  sitting  points*  hangar-site  areas*  small  tei*- 
mlnal  romps*  etc.). 

47.  CONSTRUCTING  THE  SUBPAVEMENT  BED 

The  flow  of  earth  moving  operations  at  the  pavement  construction 
sections  is  terminated  by  rough  grading  and  rolling  of  the  subpavement 
trench  bottom.  Finish  grading  and  rolling  of  the  trench  is  performed 
in  accordance  with  leveling  elevations  immediately  before  constructing 
the  foundation*  at  rates  equal  to  the  sections  of  concrete  placing  op¬ 
erations  (leaving  of  finish  graded  trenches  not  filled  with  a  layer  of 
foundation  material  for  longer  than  a  day  is  not  recommended)*  which 
makes  it  possible  to  protect  the  trench  from  damage  due  to  precipita¬ 
tion*  the  sun's  rays*  traffic  of  transportation  facilities  and  tramp¬ 
ling  by  people  in  rough  weather. 

Basic  grading  of  the  trench  bottom  is  perfomed,  in  accordance 
with  leveling  elevations*  by  a  motor  grader  with  simultaneous  compact¬ 
ing  by  rollers  of  various  weight.  In  order  to  ensure  high  surface  qua¬ 
lity  in  hot  and  dry  weather,  it  is  recommended  that  the  trench  bottom 
be  graded  and  rolled  in  the  first  half  of  the  day  with  preliminary 
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sprinkling  of  the  surface  to  be  graded  in  the  evening  cf  the  preceding 
day.  In  this  case  the  surface,  after  grading  and  rolling,  will  be  level 
with  a  hard  nonolithlc  crust. 

All  local  sags  of  the  trench  exposed  by  the  rolling  are  corrected 
by  filling  of  the  same  soil  from  which  the  trench  Is  constructed;  here 
the  reason  for  the  sagging  should  be  discovered  and  el  tainted.  If  the 
sagging  Is  a  result  of  low  soil  quality,  then  it  should  be  replaced  by 
stable  soil.  Ovemolst  soil  should  be  dried  or  replaced  by  optimally 
moist  soil  before  grading. 

After  the  basic  grading  and  rolling  Is  done,  sample  grading  Is 
perforated  at  points  where  adjacent  lateral  and  longitudinal  grades  are 
Joined,  at  the  location  of  the  open  ground  gutter  of  the  trench;  edges 
are  finished  off  and  other  irregularities  are  corrected. 

Unstable  trench  soil  Is  improved  by  various  additives  (sand,  gra¬ 
vel,  curshed  stone,  cement,  organic  binders),  which  Is  done  before  fi¬ 
nal  grading  of  the  trench  and  Is  not  Included  In  the  concrete  placing 
flow. 

The  level  of  the  trench  bottom  surface  Is  checked  by  a  3  meter 
leveling  rod.  Allowable  irregularities  are  within  the  limits  of  3  cm 
and  must  be  provided  with  water  runoff.  Transportation  facilities  and 
construction  machines  and  workers  In  rough  weather  may  not  move  over 
the  finished  trench. 

Finish  grading  and  rolling  is  performed  by  a  team  consisting  of 
9-10  workers.  The  theoretical  productivity  of  this  team  is  up  to  1250 

p 

meters  /shift.  This  team  Is  a  part  of  the  Integrated  foundation  laying 
brigade. 

Great  reserves  for  increasing  the  productivity  and  Improving  the 
quality  of  grading  operations  are  opened  up  by  using  automatic  controls 
for  motor  graders.  Tests  of  an  automatic  system  on  the  D-426  motor  gra- 
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der  have  demonstrated  the  feasibility  of  using  automatic  control  of  the 
working  elements  of  the  motor  grader  In  perfcir  :ng  finish  grading  and 
finishing  the  trench  bottom  surface. 

The  use  of  this  control  system  ensures  the  necessary  finishing 
quality  in  1-2  passes  at  increased  speeds  (up  to  5-6  kilometers /hour) . 

A  great  influence  on  the  work  of  the  automatic  controls  is  exer¬ 
ted  by  the  state  of  the  ground  surface  before  the  work  starts,  and  also 
bar  the  soil  density  and  its  uniformity  over  the  width  of  the  coverage 
section.  Presence  of  tracks,  furrows  and  other  surface  irregularities 
higher  than  20-25  on  makes  the  use  of  automatic  controls  ineffective. 
48.  CONSTRUCTING  FOUNDATIONS 

Foundations  are  the  carrying  part  of  the  pavement,  whose  strength 
and  stability  determines  to  a  considerable  extent  the  service  life  of 
concrete  or  reinforced  concrete  pavements.  Sand,  sand  and  gravel  mix? - 
tures,  crushed  stone,  slag,  binder  treated  soil,  sand-concrete,  lean- 
mix  cone  ret,  and  also  simple  and  Improved  pavements,  upon  rebuilding, 
afe  used  as  foundation  for  concrete  and  reinforced  concrete  pavements. 
The  design  and  type  of  foundation  for  each  individual  case  is  deter¬ 
mined  by  design. 

Sand  foundations  are  up  to  the  present  time  the  most  extensively 
used  for  concrete  and  reinforced  concrete  pavements.  They  are  economi¬ 
cal,  simple  to  construct  and  do  not  require  scarse  brought- in  material. 
Sand  foundations  are  produced  from  sand  satisfying  requirements  given 
in  Table  27.  Before  the  work  of  constructing  the  sand  foundation  starts 
all  work  pertaining  to  the  construction  of  drainage  installations  and 
finishing  the  trench  bottom  within  the  limits  of  the  coverage  sections 
should  be  completely  finished. 

Construction  of  sand  foundations  is  broken  up  into  two  stages.  The 
first  stage  is  performed  before  the  placing  of  paving  foims  or  molds, 
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TABLE  27 


1 

Omm  1 

iMtQwiw  M  mu  c 
4%  M  MCJ) 

CiwyaMM  mm- 
WMtm  unm 
(WM  e.tt  Ml. 
j  »  m  mtj 

4 

9 

2. 

5 

4 

9 

m 

m 

* 

it 

• 

4 

3 

«• 

m 

AM  M* 

mi  »>4m» 

MM 

KpfiMii  .7*  a  #  t  • 

i*s 

>90 

7 

§ 

SS  . '.  9  .  .  j 

Muni  .  •  •  #10*  • 

to  Jj 

>» 

>7S 

>S0 

90 

% 

4 

4 

5 

°*  l"—  *n*  • 

8 

mm* 

>10 

90 

4 

a 

1)  Sand;  2)  Is  retained  In  sieves  with  holes  (£  by  weight);  3)  dust 
particles  {finer  than  0.05  ran)  content,  %  by  weight;  4)  mm;  5)  for 
moderate  precipitation  region;  6)  for  excessive  precipitation  region; 

7)  coarse;  8)  up  to;  9)  medium;  10)  fine;  11)  extra  fine. 

and  the  second  stage  is  performed  afther  placing  of  paving  forms.  The 
composition  of  the  first  stage  operations  for  constructing  of  sand 
foundations  includes:  pegging  out  the  foundation;  hauling  in  and  fill¬ 
ing  of  sand  into  the  trench;  leveling  out  the  sand;  by  layer  compact¬ 
ion  of  the  sand  with  attendant  sprinkling. 

Depending  on  the  assumed  scheme  of  pouring  the  pavement,  the  sand 
foundation  is  constructed  in  individual  strips  or  over  the  entire  width 
of  the  trench.  Before  the  sand  is  trucked  In  the  trench  should  be 
checked  and  accepted  and  the  strip  should  be  stacked  out  by  placing 
pegs  every  20  meters  on  both  sides  when  pouring  nonadjacent  strips,  and 
from  on  side  when  pouring  adjacent  strips,  using  a  theodolite.  The 
height  of  the  pegs  Is  established,  by  a  leveling  Instrument,  at  the  de¬ 
sign  height  of  the  fouudation,  taking  into  account  the  sand  compaction 
coefficient  which  is  taken  as  1.1-1.15.  Between  control  pegs  placed  by 
a  leveling  Instrument,  Intermediate  pegs  are  placed  by  ranging  rods 
every  5  meters  in  order  to  ensure  uniform  spreading  of  the  sand. 

After  staking  out  the  foundation  material  Is  trucked  into  the 
trench  by  dump  trucks  or  by  large  capacity  trailers.  Truck  traffic  o- 
ver  the  surface  of  the  prepared  trench  is  allowed  only  in  the  cases 
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when  the  trucks  do  not  leave  tracks  and  In  constructing  foundations 
for  nonadjacent  rows.  In  all  cases.  If  possible  the  sand  Is  brought  In 
over  previously  poured  concrete  pavement  after  the  concrete  has  ac¬ 
quired  the  design  strength. 

Portable  wooden  floorings  are  placed  at  the  point  at  which  trucks 
drive  on  or  off  the  concrete  pavement. 

The  sand  brought  In  Is  distributed  uniformly  and  leveled  out  over 
the  length  and  width  of  the  strip  being  filled  by  a  bulldozer  or  motor 
grader  In  a  maimer  which  will  not  damage  the  surface  of  the  soil  trench 
(Pig*  79).  leveling  Is  performed  In  sect -ions  not  less  than  400-500  m 
long. 

Best  compaction  of  sand  Is  achieved  when  Its  moisture  content  1 s 
close  to  optimal  (approximately  1G-12J6).  For  this  purpose  the  sand  is 
sprinkled  with  water  before  being  compacted  In  dry  weather. 

Compaction  Is  first  performed  by  the  bulldozer  crawlers  and  then 
by  rollers,  whose  weight  Is  gradually  Increased.  In  the  first  stage  of 
sand  foundation  construction  extreme  care  should  be  taken  to  produce 
the  proper  thickness,  without  allowing  depressions  or  elevations,  which 
can  cause  a  great  amount  of  additional  work.  In  the  second  stage  of 
foundation  construction  the  team  charged  with  constructing  the  sand 
foundation  should  be  provided  with  self-propelled  rollers  on  pneumatic 
tires,  by  vibrating  rollers,  smooth  self-proprlled  rollers,  bulldozer, 
motor  grader,  surface  vibrator,  sprinkling  (.machine  and  dump  trucks 
whose  number  Is  calculated  on  the  basis  of  the  hauling  distance. 

o 

The  theoretical  productivity  of  such  a  team  is  up  to  1250  meters 
per  shift  for  a  foundation  thickness  up  to  30  cm. 

The  sequence  for  constructing  crushed  stone,  slag-  and  soli  founda¬ 
tions  treated  by  binding  materials  was  considered  In  Chapters  4  and  5, 
and  that  for  constructing  foundations  from  sand  concrete  and  lean-mix 


concrete  is  the  same  as  for  concrete  pavements.  Sand  concrete  Is  pre¬ 
pared  at  a  concrete  plant,  its  brand  is  not  lover  than  75  and  it  Is 
made  from  coarse  grain  sand  and  cement.  The  consumption  of  cement  whose 

O 

brand  Is  not  lower  than  300  Is  up  to  250  kg/cm  . 


1  Fig.  79.  Sequence  of  unloading  sand  In  the  trench  by  dump  trucks  and 
]  leveling  It  out  by  a  bulldozer,  a)  Scheme  of  unloading  a  dump  truck  and 
1  leveling  out  of  sand  In  the  trench  by  a  bllldozer;  b)  scheme  for  ur>- 
4  i  loading  sand  piles  In  the  trench  and  the  sequence  In  which  they  are 
j  leveled  out  by  the  bulldozer;  1-4  Is  the  sequence  for  unloading  a  dump 
truck  with  sand  at  the  coverage  section  strip;  A)  grade  stakes. 

Sand  concrete  Is  placed  directly  in  the  soil  trench  or  on  a  sand- 
bitumen  blanket  by  a  set  of  concrete  placing  machines.  No  Joints  are 
constructed  In  sand  concrete  foundations. 

Before  placing  the  pavlnn  fonns,  if  the  foundations  are  construe- 

i 

ted  of  crushed  stone,  gravel  of  soli  treated  by  binding  materials,  a 
.  leveling  sand  layer  3-5  cm  thick  from  screened  sand  is  additionally 
placed  on  the  top  of  the  foundation, 
i  49.  PLACING  OP  PAVING  FORMS  AND  MOLDS 

*  1 

In  the  process  Of  laying  the  concrete  mix,  the  concrete  placing 
machines  move  over  paving  forms  which  at  the  same  time  serve  as  molds 
for  forming  the  side  faces  of  the  pavement  slabs.  Incorrect  placememt 
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Pig.  80.  Design  of  a  side  form,  a)  For  pave¬ 
ment  thickness  yp  to  20  cm;  b)  for  pavement 
thickness  over  20  cm;  l)  rail;  2)  dey;  3) 
fora;  4)  pin;  5)  wooden  girder;  x)  depending 
on  the  pavement  thickness;  y)  section  A-B. 

of  paving  forms  has  a  negative  effect  on  the  evennes  of  the  pavement* 
and  may  also  cause  the  concrete  placer  do  be  derailed. 

Standard  side  forms  are  produced  20  cm  high*  4  meters  long  and 
weighing  up  to  180  kg.  When  pouring  thicker  pavements  the  height  of  the 
side  forms  can  be  Increased  by  wooden  girders  (Fig.  80). 

The  placing  of  paving  forns  begins  with  setting  out  operations. 
Before  laying  out*  a  theodolite  Is  used  to  determine  the  paving  fora's 
direction  arid  an  elevation  peg  giving  the  position  of  the  paving  fora 
top  at  the  level  of  the  pavement  surface  is  driven  in  against  each 
Joint. 

Before  placing*  the  paving  forms  should  be  Inspected*  cleaned  and 
repaired.  The  straightness  and  vertlcallty  of  the  walls  Is  checked  as 
well  as  the  proper  operation  of  Joint  connections  and  correspondence 
of  dimensions. 

The  paving  forms  are  brought  in  by  trucks  or  tractor  trailers.  The 


pavement  forms  are  loaded,  unloaded,  placed  and  removed  by  truck  cranes 
or  by  the  D-247  placer. 

In  placing  of  paving  forms  care  should  be  taken  that  they  be  ver¬ 
tical;  that  the  design  width  of  the  strip  subject  to  pouring  be  con¬ 
formed  to;  it  Is  also  necessary  to. ensure  uniformity  of  compacting  the 
paving  form  foundations  by  special  mechanization  facilities  (area  vi¬ 
brators;  electric  crosstie  swaggers,  tamping  machines,  etc.). 

The  paving  forms  are  put  In  the  design  position  by  a  crane  using 
special  holding  devices  and  In  accordance  to  a  string  stretched  be¬ 
tween  pegs.  Each  successive  section  Is  butt  Joined  to  the  preceding 
cane;  then  the  free  end  of  the  rail  sticking  out  from  the  form  should  be 
placed  In  a  direction  opposite  to  that  of  laying  the  paving  farm. 

The  conformance  of  the  paving  form  placement  to  the  design  eleva¬ 
tions  is  checked  by  a  level  placed  on  the  top  of  the  rail  and  on  the 
top  of  the  elevation  peg  which  was  driven  In  opposite  the  Joint.  The 
position  of  the  paving  forms  In  the  plan  is  checked  by  a  theodolite  or 
template. 

After  each  successive  paving  form  is  placed,  their  ends  are  fas¬ 
tened  by  sliding  steel  slide- locks  and  the  ends  of  the  rails  are  fas¬ 
tened  by  wedges.  The  paving  forms  are  fastened  to  the  ground  by  small 
metal  piles  (pins  up  to  900  mm  long).  The  pins  are  driven  In  through 
holes  In  the  lower  flange  of  the  form  as  far  as  they  will  go  so  that 
they  do  not  Interfere  with  the  movement  of  the  concrete  placing 
machines. 

The  reliability  and  correctness  of  paving  form  placement  are  check¬ 
ed  by  two  passes  of  the  D-345  subgrader  or  of  the  D-181V  bln  distribu¬ 
tor.  The  subgrader  Is  passed  through  with  the  vibrators  on  and  the  last 
pass  of  the  bln  distributor  is  performed  with  its  bucket  loaded  with 
sand. 
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After  the  control  passes  of  the  IV  345  or  D-181V  machines  the 
check  of  the  elevations  ;f  each  Joint  between  t..e  paving  fora  sections 
is  performed  by  leveling.  Deviations  of  the  paving  fora  elevations 
from  those  specified  by  the  design  should  not  exceed  +3  nan.  Inaccura¬ 
cies  In  placing  the  paving  forms  with  respect  to  height  are  corrected 
by  forcing  the  necessary  amount  of  sand  under  them  or  by  removal  of  ex¬ 
cessive  sand.  The  paving  fora  "threads"  are  rectified  In  the  plan  by 
moving  them. 

The  production  of  a  machine  for  Integrated  mechanization  of  pav¬ 
ing  fora  placement  (Pig.  8l)  Is  being  now  assimilated.  The  working  e- 
qulpment  of  this  machine  finish  grades  to  the  design  elevations  and 
compacts  the  sand  base  course  for  the  paving  forms  0.6  meters  wide, 
places  the  paving  form  section.  Joining  then  "in  the  thread"  and  fas¬ 
tening  the  placed  sections  by  metal  pins. 

To  the  side  of  the  tractor  Is  situated  beam  4  with  optical  tube 
7*  The  placing  beam  Is  supported  by  Its  rear  end  on  the  paving  fora 
through  the  rolling  support  8,  and  by  forward  end  It  Is  suspended  from 
vertical  displacement  mechanism  1  and  horizontal  displacement  mecha¬ 
nism  9»  which  are  also  the  mechanisms  for  aligning  the  optical  tube. 

The  vibrating  compacting  and  grading  unit  2  and  electric  hammer  6  mov¬ 
ing  along  a  carriage  over  the  beam  are  mounted  on  the  placing  beam.  The 
paving  fora  sections  are  placed  by  crane  9* 

The  paving  fora  sections  thus  placed  are  fastened  by  metal  pins 
driven  In  by  the  electric  hammer.  The  productivity  of  this  machine  Is 
up  500  linear  meters  of  paving  forms  per  shift  (in  a  single  line).  In 
all  eases  the  paving  forms  should  be  placed  only  In  the  daytime.  For 
this  reason  the  rate  at  which  they  are  placed  should  be  such  as  to  en¬ 
sure  not  less  than  t *0  shifts  of  work  for  concrete  placing  machines. 


Fig.  8l.  Mounted  equipment  for  the  DT-54  tractor  for  placing  of  paving 
fonts,  a)  General  view:  b)  preparing  of  foundation  by  the  compacting 
and  grading  machine;  c)  placing  a  paving  form  section  on  the  prepared 
foundation:  1)  mechanism  for  lining  up  the  placing  beam  with  the  rang-, 
lng  rod;  2)  vibration  compacting  and  grading  machine;  3)  generator; 

4)  placing  beam;  5)  winch  for  moving  the  compacting  and  grading  machine 
along  the  beam;  6)  electrical  hammer  for  driving  of  pins;  7)  optical 
tube  for  aligning  the  beam;  8)  rear  rolling  beam  support;  9)  crane  for 
placing  of  paving  fora  sections- 


50.  FINISH  GRADING  AND  COMPACTING  OF  THE  SAND  BASE  COURSE  BY  THE  D-34$ 
SUBGRADER 

A  grading  blade  and  compacting  vibrating  beam  are  the  working  ele¬ 
ments  of  the  D-345  subgrader  (Figl  82). 

The  grading  blade  Is  placed  In  front  and  consists  of  a  welded  beam 
to  which  replacable  grading  knives  have  been  fastened.  The  length  of 
the  blade  can  be  changed  depending  on  the  width  of  the  pavement  being 
constructed  (for  pavement  width  of  3*5  meters  the  blade  length  13  3.46 
meters,  for  5  meters  It  is  4.96  meters  and  for  7  meters  It  Is  6.96 
meters).  The  blade  height  is  50  cm.  If  it  is  reauired  to  change  a  plane 
7  meter  singly  Inclined  profile  to  a  crown  shaped  section  Is  is  suffl- 
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dent  to  replace  the  grading  knife  with  out  changing  the  blade  proper. 
The  compacting  vibrating  beam  Is  placed  behind  the  grading  blade  ard 
consists  of  a  riveted  beam  with  mechanical  vibrators  mounted  on  it. 

The  special  raising  mechanism  on  the  subgrader  makes  It  possible 
to  lower  the  blade  and  the  vibrating  beam  by  52  cm  lower  than  the  rail 
tops  and  to  raise  it  by  10  cm  above  them.  Before  the  subgrader  starts 
operating  Its  working  elements  are  adjusted  If  this  is  necessary. 

The  cutting  edge  of  the  grading  blade  and  the  lower  plane  of  the 
vibrating  beam  should  be  placed  In  a  strictly  parallel  position:  first 
by  wheels  they  are  placed  on  the  level  of  the  rail  tops;  here  0  should 
show  on  the  scales  of  height  gages  for  the  vibrating  beam  and  the  gra¬ 
ding  blade;  then  the  beam  Is  lowered  to  a  height  corresponding  to  the 
thickness  of  the  concrete  pavement  being  constructed. 

The  working  elements  of  the  machine  should  be  situated  symmetrical 
with  respect  to  the  axis  of  the  pavement  subjected  to  pouring.  The  ad¬ 
justment  Is  made  by  changing  the  number  of  washers  under  the  hubs  of 
the  track  wheels  In  such  a  manner  that  the  gap  between  the  ends  of  the 
working  elements  (blade  and  vibrating  beam)  and  the  molding  part  of  the 
paving  form  be  the  same  (about  20  mm). 

The  relative  position  of  the  working  elements  with  respect  to 
height  Is  determined  experimentally  depending  on  local  conditions  (the 
composition  of  the  sand  material,  the  degree  of  Its  precompaction,  sun- 
face  regularity  and  other  factors).  The  blade  should  be  raised  by  the 
amount  by  which  the  sand  layer  settles  on  compacting. 

The  blade  Is  adjusted  with  respect  to  the  vibrating  beam  by  spe¬ 
cial  screws  and  at  different  angles  with  the  horizontal  In  the  follow¬ 
ing  sequence.  The  vibrating  beam  Is  positioned  at  eht  elevation  of  the 
pavement  surface;  as  the  machine  works,  the  blade  Is  gradually  raised. 
Simultaneously  with  raising  the  blade  the  forward  edge  of  the  vibrat- 


Pig.  82.  Diagram  of  the  D-3^5  subgrader.  1) 
Blade  with  grading  kr.lfe;  2)  compacting  beam. 


lug  beam  Is  raised  in  order  to  create  drive-on  angle  until  the  sand 
layer  finally  settles. 

The  sign  showing  that  the  drive- on  angle  has  been  properly  choosen 
is  the  fact  that  a  uniform  longitudinal  sand  pile  up  to  10  cm  high  is 
formed  during  the  work  of  the  vibrating  beam  at  its  forward  pa  „. 

Finish  compaction  and  grading  of  the  xub&rale  starts  with  deter¬ 
mining  the  sand  moisture  content.  If  necessary,  it  is  brought  to  opti¬ 
mal  by  using  sprinkling  machines  or  by  drying.  The  1>*3^5  subgrader 
grades  and  compacts  a  sand  layer  of  up  to  30  cm  with  a  compaction  coef¬ 
ficient  not  lower  than  0.98  in  2-3  passes.  The  density  of  the  compacted 
base  course  is  checked  by  Kovalev's  instrument  by  the  standard  compact¬ 
ing  method. 
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Ir.  operating  the  subgrader  extreme  care  must  be  taken  that  a  small 
sand  windrow,  uniform  over  the  entire  length  of  che  blade  be  always 
present  ahead  of  the  blade.  In  the  opposite  case  the  density  of  the 
sand  layer  along  the  width  obtained  by  the  vibrating  beam  operation  may 
be  found  to  be  nonuniform.  The  excessive  sand  cut  off  by  the  blade  Is 
removed  with  shovels  outside  the  limits  of  the  section  to  be  poured  or 
Is  redistributed  to  lower  lying  places,  where  Its  amount  Is  insuffi¬ 
cient.  Per  this  reason.  In  addition  to  the  operator,  the  subgrader  Is 
serviced  by  1-3  helpers  (the  number  of  helpers  Is  determined  on  the 
basis  of  the  precision  with  which  the  sand  foundation  Is  constructed  at 
the  first  state,  i.e. ,  before  the  placing  of  the  paving  forms). 

The  average  productivity  of  the  D-3^5  subgrader  for  a  sand  founda¬ 
tion  thickness  of  up  to  30  6111  reaches  40  linear  meters/hour. 

The  previously  produced  set  of  concrete  placing  machines  did  not 
contain  a  special  subgrader.  For  this  reason.  In  those  places  where 
concrete  pavements  are  constructed  by  this  set,  the  sand  foundation  is 
leveled  out  and  compacted  by  low  level  mechanization  facilities. 

In  this  case  work  also  starts  after  placing  the  paving  forms 
sprinkling  (drying)  and  compacting  of  the  sand  layer,  and  finish  level¬ 
ing  of  the  foundation  Is  performed  by  a  template  made  from  boards. 

The  template,  placed  on  dege,  resting  by  constructed  projections 
(or  wheels)  on  the  upper  faces  of  the  paving  forms,  should  by  Its  low¬ 
er  part  touch  the  surface  of  the  sand  foundation  at  the  required  height. 
In  this  case  th;  foundation  Is  graded  by  pulling  the  template  by  a 
tractor  (the  template  as  if  performs  the  functions  of  the  subgrader 
blade). 

The  practice  of  construction  organizations  knows  about  successful 
solutions  for  using  machines  of  the  older  set  for  leveling  and  finish 
grading  of  the  sand  foundation.  For  this  purpose  a  Hade  Is  installed 
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on  the  frame  of  the  D- 247  self-pro¬ 
pelled  paving  form  placing  machines, 
taking  previously  Into  consideration 
the  pavement  thickness. 

As  the  crane  moves  forward  such  a 
blade  levels  out  the  foundation  exact¬ 
ly  In  accordance  with  the  elevation. 
The  graded  foundation  In  this  case  Is 
finish  compacted  by  S-414  surface  vi¬ 
brators.  The  position  of  the  blade  is  adjusted  by  .all  kinds  of  devices. 
In  addition  to  the  operator,  the  crane  Is  also  serviced  by  two  helpers, 
which  perform  the  same  work  as  with  D-345  subgrader. 

As  was  previously  noted,  the  paving  forms  perform  the  functions  of 
molds.  In  constructing  of  pavements  (runways,  taxlways  and  strip  aprons) 
this  is  correct  In  the  Tall  sense  of  the  work  only  when  producing  their 
edges,  when  the  longitudinal  edges  of  the  slabs  are  formed  by  the  ver¬ 
tical  web  of  the  paving  form.  In  pouring  Inside  rows  of  pavements,  for 
ensuring  Joint  work  of  slab  revs,  a  tongue  and  groove  Joint  is  usually 
constructed  In  the  longitudinal  seams  using  a  wooden  side  mold  (Fig. 

83).  The  side  mold  is  placed  after  the  paving  forms  are  assembled  and 
the  foundation  is  finish  compacted.  The  mold  sections  are  fastened 
from  the  bottom  (pressed  against  the  smooth  web  of  the  paving  forms)  by 
wooden  pegs,  and  form  the  top  they  are  fastened  to  the  paving  forms  by 
metal  clamps  or  braces  which  are  welded  to  them.  The  clamps  or  braces 
are  removed  when  finishing  the  slab  surfaces. 

The  height  of  the  added  molds  should  conform  exactly  to  the  thick¬ 
ness  of  the  pavement  being  constructed.  The  mold  edges  should  be  rec¬ 
tilinear  and  the  surface  facing  the  concrete  should  be  smooth  and  clean 
and  before  pouring  it  should  be  lubricated  by  a  clay  or  lime  solution. 
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Fig.  83.  A  molding  form 
placed  to  the  side  of  pav¬ 
ing  forms  for  forming 
longitudinal  Joints  with  the 
groove.  1)  boards;  2)  nails. 


Fig.  84.  Schemes  of  tongue  and  groove 
Joints  between  slabs,  a;  Compression 
Joint;  b)  expansion  Joint;  c)  mold  for  a 
tongue  and  groove  Joint,  a)  bitumen  mastic; 

2)  bitumen  application  6  =  1-1.5  mm);  3) 
wooden  spacers  6  ■  15  mm);  4)  nails. 

In  lcgitudlnal  expansion  Joints  wooden  spacers  15  mm  thick  are 
fastened  to  the  vertical  cases  of  the  added  molds.  The  upper  spacer  Is 
lower  than  the  pavement  surface  by  4-5  cm  (Fig.  84). 

The  setting  out  pegs  are  removed  when  the  additional  molds  are 
placed.  It  is  recommended  that  the  spaces  between  the  molds  and  the 
rail  be  filled  with  soil  or  sand.  In  order  to  prevent  the  concrete  mix 
from  falling  Into  them  on  pouring. 

After  the  concrete  strength  reaches  a  values  of  not  less  than  30 

O 

kg/cm  the  paving  forms  and  the  molds  are  removed.  The  recommended  time 
for  keeping  the  concrete  In  the  molds  can  be  determined  from  the  graph 
glben  In  Fig  85.  But  If  the  timber  molds  were  used,  the  paving  forms 
can  be  removed  earlier.  In  warm  summer  weather  the  paving  forms  can  be 
removed  after  8  hours  after  finishing  the  concrete  surface,  while  the 
timber  molds  can  be  removed  after  20-25  hours.  The  timber  molds  make 
It  possible  to  considerably  Increase  the  turn-over  of  the  paving  forms. 

The  paving  forms  and  timber  molds  are  removed  In  an  order  opposite 
to  that  of  their  placing.  First  a  special  crowbar  Is  used  for  remov- 
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Pig.  85.  Graph  showing  the  dependence  of  the  tine  concrete  Is  kept  In 
j  the  timber  molds  on  the  average  dally  air  temperature.  A)  Average  dal- 

I  ly  air  temperature,  degrees;  E’f  for  concrete  with  a  compression 

strength  of  250  and  more  kg/cm-. 

5 

?' 

» 

Ing  the  pins,  which  are  cleaned  of  aoll  and  concrete  and  placed  on  the 
pavement  In  crates,  and  the  paving  forms  are  uncoupled. 

As  the  paving  forms  are  removed  they  are  loaded  by  a  crane  and 
transported  to  the  following  placing  point,  or  are  moved  to  the  new 

f 

placing  point  in  case  of  adjacent  row  pouring.  Thus,  the  paving  forms 
are  dismantled  section  by  section  in  succession,  strating  with  the  be- 

f 

gining  of  the  concrete  pouring  section.  The  timber  molds  are  separated 
from  the  pavement,  starting  from  one  end,  using  a  special  hook  and 
crowbar.  Removing  the  timber  molds  by  driving  wedges  between  the  con¬ 
crete  and  the  molds  or  by  hitting  with  the  crowbar  Is  forbidden.  In  or¬ 
der  to  facilitate  the  removal  of  the  timber  molds  and  to  protect  the 
slab  faces  from  damage  use  is  made  of  a  wooden  shoe,  made  In  the  shape 
of  the  side  face  C6  the  slabs  with  a  tongue  (Pig.  86). 

After  the  timber  molds  are  removed  the  naked  vertical  walls  of  the 
concrete. -pavement  are  covered  by  moist  sand  or  treated  by  film  forming 
materials. 

Before  placing  the  concrete  mix,  If  this  Is  provided  for  by  the 
design,  a  protective  bitumen  blanket  is  constructed  or  water-resistant 
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paper  is  spread  over  the  sand  course.  In  order  to  prevent  the  concrete 
slabs  from  freezing  to  the  foundation  In  the  '..inter  tine,  and  also  to 
protect  the  lower  concrete  layer  from  thinning  out  due  to  Intensive  ab¬ 
sorption  by  the  sand  of  the  cenent  grout  during  pouring  of  the  pave¬ 


ment.  The  paper  Is  spread  with  overlapping  of  rows  by  at  least  10  cm. 

The  following  set  of  machines  Is  used  for  placing  and  removing  the 

paving  forms,  finish  grading  and  compacting  of  the  sand  foundation: 

The  K-32  truck  crane  or  D-247  paving  form  placing  machine  2 

The  PH-8  sprinkling  machine  1 

The  ZhES-50  portable  electric  station  1 

The  D-345  subgrader  1 

A  tractor  with  trailers  for  transporting  the  paving  forms  1 

The  productivity  of  a  brigade  equipped  with  these  machines  Is  40 
linear  meters/hour.  The  mlnumum  amount  of  paving  foms  should  comprise 
600-800  meters  In  two  lines  per  each  set  of  concrete  placing  machines. 


Fig.  86.  Removing  the 
timber  molds  by  a  spe¬ 
cial  shoe  and  crowbar, 
l)  Timber  molds;  2)  spe¬ 
cial  shoe;  3)  crowbar; 

4)  tongue  of  the  tongue 
and  groove  shape;  5)  con¬ 
crete  pavement. 


51.  FABRICATION,  TRANSPORTING  AND  PLAC¬ 
ING  OF  REINFORCING  CAGES 

Reinforced  concrete  monolithic  air¬ 
port  pavements  are  reinforced  by  rein¬ 
forcing  meshes  or  cages  from  smooth  or 
hot  rolled  steel  of  periodic  profile. 

The  upper  and  lower  working  rein¬ 
forcements  of  the  cage  consist  of  weld¬ 
ed  mesh  Interconnected  by  vertical  rods 
of  the  installation  reinforcements  (Fig. 
87).  The  amount  of  reinforcements  in  a 
slab  is  determined  by  the  plan  and  van- 

p 

les  from  13  to  28  kgAieter  .  Sometimes 


structural  reinforcement  is  performed  of  edge  sections  and  slabs  at 
through  joints  (Fig.  88)  and  also  in  the  form  of  reinforcing  cages  with 


-  278  - 


Pig.  87.  Scheme  of  continuous  reinforcement  of  reinforced  concrete 
slabs  (7x7  meters),  a)  Plan  of  bottom  reinforcements;  b)  plan  of  top 
reinforcement;  c)  longitudinal  tongue  and  groove  Joint;  d)  section  I-I; 
e)  transverse  dummy  or  throught  seam;  f)  concrete  spacer;  g)  instal¬ 
lation  fastening  accessories;  h)  compression  strength  of  concrete  is 
200  kg/cnr;  l)  working  reinforcements  are  hot  rolled  with  periodic  pre- 
file;  j)  minimal  diam'ter  of  the  working  reinforcements  is  12  mm;  k; 
protective  layer  -  3  cm. 


wire  diameter  of  12-14  mm  with  from  6  to  8. 5  kg/faeter^  of  plate  used. 
The  fabrication  of  cages  requires  a  large  expenditure  of  the  labor. 


force.  It  also  requires  high  quality  work. 


The  reinforcements  placing  operations  include  preparing  the  rods, 
welding  of  meshes  and  cages,  transportation  and  placing  of  finished 


cages  at  the  pouring  location. 
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Pig.  88.  Scheme  of  reinforcing  edge  sections  of  slabs  at  through  Joint, 
a)  Expansion  Joint  with  wooden  filler;  b)  compression  Joint;  c)  dummy 
Joint;  l)  working  reinforcements  12-14  mm  in  diameter;  2)  bitumen  mas¬ 
tic;  3)  nails;  4)  wooden  girders  4x1  cm  1=  II  =1  cm)  each  100  cm; 

3)  board  filler  6  «  1.3  cm;  6)  Installation  reinforcements  6  mm  In  dia¬ 
meter;  7)  Installation  reinforcements  3  mm  in  diameter;  8)  bitumen  lay¬ 
er  1-1. 5  mm;  9)  concrete  supports  10  x  10  x  3  cm* 


Cages  are  produced  at  a  typical  reinforcements  yard,  which  should 
be.  located  as  close  to  the  section  at  which  they  are  placed  as  possible. 

The  reinforcements  yard  consists  of  a  platform  for  unloading  and 
sorting  of  reinforcements;  a  shed  for  storing  the  reinforcement  materi¬ 
als;  an  area  for  stretching,  cleaning,  cutting  and  bending  the  rein¬ 
forcement;  a  warehouse  of  produced  working  and  Installation  reinforce¬ 
ments;  a  shop  with  Jigs  for  welding  the  lower  meshes  and  a  shop  with 
Jigs  for  welding  the  upper  meshes;  a  shop  for  welding  of  cages  and  a 
finished  cages  warehouse. 

Veldlng  of  meshes  and  cages  Is  the  most  labor  consuming  process. 
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Construction  of  one  cage  with  dimensions  of  6.76  x  6.76  meters  requires 
on  the  average  up  to  3000  welding  operations.  Reinforcement  meshes  are 
welded  by  special  automatic  welding  machines  gy  the  contact  method, 
which  eliminate  burning  of  the  reinforcements.  The  mesh  and  cage  rods 
should  be  welded  at  points  of  Intersection  provided  for  In  the  plan. 

Welding  of  the  reinforcements  at  the  point  of  Intersection  of 
rods,  moving  the  welding  apparatus  to  the  following  Intersection  of 
rods,  moving  the  mesh  through  a  single  lead  of  the  reinforcements  and 
release  of  the  following  rod  free  the  bln  Is  done  automatically  in 
these  machines.  The  machine  wells  a  mesh  up  to  7  meters  wide  and  of  un¬ 
limited  length.  The  productivity  of  the  machine  Is  up  to  *15,000  welded 
points  per  shift. 

Reinforcement  cage  meshes  produced  by  welding  automatic  machines 
are  removed  and  transported  to  a  Jig  In  which  they  are  welded  Into  a 
cage  by  electric  arc  welding  and  then  are  transported  to  the  point  of 
placing  or  to  the  warehouse. 

The  reinforcements  yard  is  serviced  by.  20  workers.  Thr  producti¬ 
vity  of  the  brigade  is  up  to  15  cages  per  shift  In  the  winter  with  the 
premises  enclosed  and  up  to  25  cages  per  shift  In  the  summer. 

Th  cages  are  transported  fron  the  reinforcements  yard  to  the  point 
of  placing  by  trucks  specially  equipped  for  this  purpose.  In  order  to 
prevent  bending,  only  3  cages  are  loaded  onto  such  a  truck.  The  cages 
can  be  loaded  by  a  truck  or  tower  crane;  here  the  cages  loaded  are  not 
fastened  to  the  frame  or  tied  one  to  the  other,  since  they  are  held  to 
gether  by  friction  and  coupling. 

The  cages  are  transported  over  the  approach  roads  together  with 
other  transports,  but  on  the  condition  that  the  road  v/idth  be  not  less 
than  10  meters.  If  the  width  is  less  than  that,  they  are  hauled  over 
specially  prepared  temporary  roads. 
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Before  placing  the  reinforcing  cages  Into  the  timber  molds*  con¬ 
crete  supports  with  dimensions  of  10  x  10  x  3  cm  are  placed  on  the  pre¬ 
viously  prepared  foundation  (Fig.  89). 

The  following  Is  the  order  In  which  the  reinforcing  cages  are 
placed  in  the  timber  molds:  the  truck  with  the  cages  drives  up  to  the 
mold  section  prepared  for  placing  the  reinforcements*  along  which  a 
truck  crane  with  a  lifting  capacity  of  not  less  than  5  tons  Is  placed; 
the  rigging  man*  using  a  universal  strap  made  from  6-10  cables  couples 
up  the  cage  which  Is  then  delivered  Into  the  timber  molds. 


Fig.  89.  Placing  the  concrete  supports. 

In  lifting  the  cages  bends  slightly  creating  an  upward  concavity. 
By  vltrue  of  this  the  width  dimensions  of  the  cage  decrease  slightly* 
this  making  possible  convenient  placing  of  the  cage  Into  the  prepared 
mold.  Rapid  placing  of  the  cage  without  the  creation  of  a  moderate 
transverse  bent  Is  practically  impossible. 

In  order  to  place  thr  following  cage  both  machine  move  through  one 
slab  length  In  the  concrete  placing  direction.  Every  3-4  slabs  a  board 
for  constructing  a  transverse  through  expansion  Joint  Is  placed  be¬ 
tween  the  cages.  For  stability  the  board  is  held  rigidly  by  two  thrust 

beams  placed  at  both  sides  each  100  cm  and  it  Is  tied  with  soft  wire  to 

* 
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the  cage  (see  Pig.  88).  Transverse  compression  Joints  are  constructed 
in  a  manner  similar  to  dummy  Joints. 

In  reinforcing  concrete  pavements  at  weak  sections  it  is  possible 
to  use  welded  rolled  reinforcement  mesh  which  is  fabricated  at  plants 
from  thin  strong  wire  5  mm  in  cross  section  with  hole  10  cm  in  size  In 
the  longitudinal  direction  and  20  cm  in  the  transverse  direction.  In 
this  case  the  welded  mesh  is  cut  off  to  the  required  width.  In  twin- 
layer  pavements  the  mes  is  placed  on  the  lower  pavement  layer,  and  in 
reinforcing  single- layer  pavements  it  is  placed  at  the  design  height 
on  a  layer  made  from  fresh  concrete  mix. 

52.  REQUIREMENTS  TO  CONCRETE  AND  MATERIALS  MAKING  UP  THE  CEMENT  CON¬ 
CRETE  MIX 

Requirements  Put  to  the  Concrete 

Dense,  heavy,  frost  resistant  concrete  with  a  long  service  life 
posseslng  high  compression  and  tension  strength  in  bending  should  be 
used  for  concrete  airport  pavementsl  Starting  with  January  1958  the 
construction  of  concrete  and  reinforced  concrete  airport  pavements  is 
covered  by  GOST  8424-57.  The  concrete  is  subdivided  into  brands  by  the 
28  day  strenght  in  compression  and  benaing. (Table  28). 
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1)  Purpose  of  concrete;  2)  concrete  brand; 

3)  in  bending;  4)  in  compression;  5)  single¬ 
layer  pavement  and  upper  layer  of  twin- layer 
pavement;  6)  lower  layer  of  twin- layer  pave¬ 
ment;  7)  for  foundations. 

Concrete  whose  brand  is  helgher  than  55  in  bending  and  higher 
than  4C0  in  compression  may  be  used  in  constructing  pavements  if  this 
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is  substantiated  by  technical  and  economic  considerations. 

The  concrete  composition  Is  chosen  not  only  on  strenght  conside¬ 
rations,  but  also  talcing  Into  account  the  fact  that  the  mix  be  conve¬ 
niently  transported  and  placed  Into  the  pavement. 

A  difference  Is  made  between  rigid,  plastic  and  flowing  concrete 
mix,  depending  on  the  mobility  and  placing  convenience.  Pavements  are 
best  constructed  from  rigid  concrete  mixes,  although  they  compact  with 
difficulty  and  are  difficult  to  place.  The  water  to  cement  ratio  of 
concrete  mix  placed  In  the  pavement  should  be  taken  as  not  more  than  0. 
5,  and  for  placing  In  pavement  foundations  it  should  not  be  higher  than 
0.7. 

Heavy  concrete  with  specific  weight  within  the  limits  of  2400- 
2500  kg/nete  *  should  be  used  for  concrete  and  reinforced  concrete  air¬ 
port  pavements.  The  cement  consumption  for  single  layer  pavements  and 
for  the  upper  layers  of  twin- layer  pavement  should  be  not  lower  than 
300  kg/faet( .  *  of  concrete  when  the  cement  brand  Is  not  lower  than  500; 

p 

It  should  be  270  kg/meter  'of  cement  whose  brand  Is  not  lower  than  300 
for  the  lower  layer  of  twin- layer  pavements,  and  not  less  than  200  kg/ 
meter^  for  pavement  foundations. 

Requirements  to  Concrete  Constituents 

According  to  QOST  8424-57,  materials  used  for  preparing  the  con¬ 
crete  mix  must  be  of  high  quality  and  satisfy  the  following  require¬ 
ments. 

Cement.  For  preparing  the  concrete  mix  use  Is  made  of  high 
strength  Portland  cement  and  also  of  Its  special  kinds  (hydrophobic, 
plastic ired,  etc.).  The  cement  should  not  contain  Inert  or  active  ad¬ 
ditives,  with  the  exception  of  additions  of  up  to  15$  of  ground  granu¬ 
lated  blast  furnace  slag.  It  Is  recommended  to  use  allte  aluminum  rep¬ 
ute  cements  with  trlcalclum  alumlnate  content  not  higher  than  10£. 
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To  decrease  the  consumption  use  should  be  made  of  new  special 
kinds  of  cement  with  the  following  positive  properties. 

Concrete  mix  made  with  plasticized  Portland  cement  has  increased 
mobility  and  ease  of  placing  and  the  cement  proper  Improves  the  frost 
resistance  of  the  concrete. 

This  cement  is  obtained  from  finely  ground  clinker  (portland  ce¬ 
ment)  together  with  plasticizing  additives  (sulphite  alcohol  residue). 
The  plasticized  portland  cements  are  divided  by  their  strength  into 
brands  300,  400,  500  and  600.  The  high  placeablllty  of  concrete  mix 
made  with  plasticized  portland  cement  makes  it  possible  to  lower  the 
waten- cement  ratio  and  by  virtue  of  the  same  foact  to  lower  the  cement 
consumption  up  to  10JS. 

Hydrophobic  (water  repelling)  cement  is  less  subceptlble  to  water 
wetting.  The  hydrophobic  additive  added  during  grinding  of  the  clinker 
creates  a  thin  shell  on  the  surface  of  the  cement  particles  prevent¬ 
ing  wetting  the  cemetn  by  water.  This  shell  prevents  settling  of  the 
cement,  and  on  prolonged  storage  even  in  a  moist  air  surroundings  the 
cement  activity  does  not  decrease  (ordinary  portland  cement  losts  5-8?? 
of  its  activity  per  month  even  if  stored  in  dry  surroundings).  The  non¬ 
wetting  shell  of  hydrorhobic  portland  cement  breaks  down  in  the  process 
of  concrete  preparation  and  increases  the  plasticity  and  placeablllty 
of  the  concrete  mix.  The  water  requirement  of  the  mix  decreases  (  the 
water-cement  ratio  at  the  given  placeablllty  and  movability  of  the  mix 
decreases).  To  free  the  cement  particles  from  hydrophobic  shells  the 
time  required  for  mixing  the  cement  mix  is  increased  by  a  factor  of  1. 
5.  Hydrophobic  portland  cement  i3  divided  into  brands  200,  250,  300, 
400,  500  and  600. 

Cement  is  stored  separately  by  kinds  and  brands.  Hydrophobic  ce¬ 
ment  is  convenient  in  storing,  especially  in  constructing  airports  in 
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far  removed  North  regions  and  in  regions  with  excessive  moisture. 

Cement  batches  supplied  to  the  construct lor  site  must  be  accom¬ 
panied  by  a  document  listing  the  main  characteristics  of  the  cement 
(kind,  brand,  composition,  etc.),  and  data  about  tests  of  specimens. 
Regardless  of  this  document,  each  accepted  cement  batch  should  be  test¬ 
ed  before  use  for  strength  and  setting  time  (the  cement  should  start 
setting  not  earlier  than  2  hours  after  nixing). 

Rules  for  accepting  the  cement,  taking  of  samples,  testing  methods 
and  storage  procedures  are  Implemented  in  accordance  with  the  require¬ 
ments  of  the  Technical  Specifications  for  Performance  and  Acceptance 
of  Airport  Construction  Operations  (SN  121-60). 

The  results  of  testing  the  cement  in  a  construction  object  at  the 
construction  site  laboratory  are  accepted  as  the  basis.  When  ordinary 
Portland  cement  13  stored  In  warehouses  for  more  than  3  months  it 
should  be  retested. 

Crushed  stone  and  gravel.  Crushed  stone  (gravel)  is  used  as  the 
coarse  filler  in  concrete.  Only  crushed  stone  is  used  as  the  coarse 
filler  in  single  layer  pavements  and  in  the  upper  layer  of  twin-layer 
pavements,  with  the  use  of  gravel  permitted  for  constructing  concrete 
foundations  and  for  the  lower  layer  of  twin- layer  pavements. 

The  greatest  grain  size  for  crushed  stone  (gravel)  is  established 
as  70  mm  for  foundations,  60  mm  for  the  lower  layer  of  twin- layer  pave¬ 
ments  and  as  40  mm  for  the  upper  layer  of  twin- layer  and  for  single¬ 
layer  pavements.  The  use  of  finer  crashed  for  concrete  pavements  re¬ 
sults  in  obtaining  a  more  even  pavement,  facilitates  the  construction 
of  temperature  Joints  and  increases  the  quality  and  uniformity  of  the 
concrete.  The  crashed  stone  (gravel)  should  not  contain  lammelar  frac¬ 
tions  in  an  amount  more  than  15#  by  weight. 

In  order  to  ensure  constancy  of  the  grain  size  distribution  and 


homogeneity  of  the  concrete  mix,  *the  crushed  stone  (gravel)  should  be 
divided  Into  the  following  fractions  with  subsequent  separate  propor¬ 
tioning: 

for  maximum  grain  size  of  60  mm  it  should  be  divided  Into  frac¬ 
tions  with  grain  sizes  of  20-40  and  40-60  mm; 

for  maximum  grain  size  of  40  mm  It  should  be  divided  Into  frac¬ 
tions  with  grain  sizes  of  5-20  and  20-40  mm. 

It  Is  permissible  to  use  crushed  stone  (gravel)  for  foundations 
with  grain  sizes  from  5  to  70  mm  without  separating  Into  fractions. 

GOST  8424-57  has  Increased  the  requirements  put  to  the  concrete  coarse 
aggregate  with  respect  to  strength  and  frost  resistance.  The  ultimate 
strength  for  coarse  aggregate  for  single  layer  pavements  and  for  the 
upper  layer  of  twin- layer  pavements  should  not  be  lower  than  1200  kg/ 

O  O 

cm  for  igneous  rock  and  not  less  than  800  kg/cm  for  sedimentary  rock; 
for  the  lower  layer  of  twin- layer  pavements  It  should  be  not  lower 

p  p 

than  800  kg/cm  for  Igneous  rock  and  not  less  than  600  kg/cm  for  se¬ 
dimentary  rock. 

Requirements  put  to  the  frost  resistance  of  crushed  stone  and  gra¬ 
vel  depending  on  the  character  of  the  payment  design  and  on  the  cli¬ 
mate  are  presented  In  Table  29. 

Climatic  conditions  are  characterized  by  the  average  mothly  tem¬ 
perature  t  of  the  coldest  month  and  the  number  n  of  freezing  and  thaw¬ 
ing  changes  during  the  year.  These  quantities  should  have  the  follov*- 
Ing  values: 

For  severe  climatic  conditions  t  below  -  15°,  n  not  lower 

than  50 

For  moderate  climatic  conditions  t  from  -  5  to  -15°,  n  from  20 

to  50 

"  mild  n  n  t_  to  -  5°,  n  less  than  20. 

For  better  cohesion  with  the  cement  the  stone  material  should  be 
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Mote:  1.  When  the  water  absorption  of 
Igneous  rock  for  crushed  stone  and  also  of 
gravel  Is  lower  than  0.f&  and  of  sedimentary- 
rock  It  is  lower  than  ljj>,  no  frost  resis¬ 
tance  tests  are  performed.  2.  In  the  case 
that  unsatisfactory  results  are  obtained  In 
testing  In  a  sodium  sulfate  solution  the 
material  Is  retested  directly  by  freezing. 

The  results  of  this  test  are  decisive. 

l)  Kind  of  pavement;  2)  climatic  conditions;  3)  required  frost  resis¬ 
tance  (Mrz)  of  crushed  stone  and  gravel  In  testing;  U)  by  direct  freez¬ 
ing;  5)  in  a  sodium  sulfate  solution;  6)  number  of  cycles;  7)  weight 
loss ,  J (,  not  more  than;  8)  single  layer  and  the  upper  layer  of  twin- 
layer  concretepavements ;  9)  severe;  10)  moderate;  11)  mild;  12)  lower 
layer  of  twin- layer  concrete  pavements. 


sharp  edged  In  shape  and  should  have  a  rough  surface.  The  clay  and  dust 
particle  content  should  not  exceed  Yf>  In  crushed  stone  and  2 %  In  gra¬ 
vel  by  weight. 

Sand.  Sand  serves  as  fine  filler  In  the  concrete  with  grain  size 
from  0.15  to  5  mm. 

The  QQST  provides  for  the  use  of  coarse,  medium,  fine  and  extra 
fine  sand  for  mixing  of  concrete,  which  makes  It  possible  to  extensi¬ 
vely  use  the  local  sand.  To  3ave  cement  and  to  Increase  the  strength 
of  the  concrete  the  use  of  fine  grained  sand  Is  pemitted  only  with  the 
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TABLE  30 
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a)  Admixtures;  b)  for  concrete  for  single- layer  pavements  and  for  the 
upper  layer  of  twin- layer  pavements;  c)  for  the  lower  layer  of  twin- 
layer  pavements;  d)  clay,  muddy  and  dusty  particles  determined  by  se¬ 
dimentation,  by  weight;  e)  Including  clay,  %  bv  weight;  f)  organic 
admixtures,  determined  by  the  coloring  method;  g)  the  color  should  not 
be  darker  than  the  sample  established  by  the  sand  testing  methods 
standard  In  force;  h)  mica,  j>  by  weight. 


addition  of  a  certain  amount  of  coarser  sand  (the  amount  of  coarse 
sand  to  be  added  Is  determined  from  sieve  curves)  or  of  surface-action 
organic  additives  (sulfate  alcohol  residues,  abletlc  resin,  etc.).  In 
order  to  ensure  high  frost  resistance,  strength  and  uniformity  of  the 
concrete,  the  sand  should  satisfy  the  following  requirements:  It  should 
not  contain  gravel  or  crushed  stone  grains  with  sizes  larger  than  10 
mm,  and  content  of  grains  from  5  to  10  mm  In  size  Is  permitted  In  the 
amount  of  not  more  than  10£  of  the  sand  by  weight;  the  amount  of  ad¬ 
mixtures  In  the  sand  should  not  exceed  the  values  given  In  Table  30. 

Water.  Any  water  (even  salt  water  of  the  Black,  Caspian  and  Bal¬ 
tic  seas)  is  suitable  for  preparing  of  the  concrete  mix,  sprinkling 
and  washing  of  the  concrete  components,  provided  that  It  does  not  con¬ 
tain  acids,  alkalies,  fats  and  other  admixtures;  here  Its  pH  should  be 
not  lower  than  4,  and  the  total  content  of  soluble  salts  should  not  ex¬ 
ceed  5000  milligrams/liter. 

53.  PREPARING  AND  TRANSPORTING  OF  THE  CH4ENT  CONCRETE  MIX 

In  constructing  airports  the  cement  concrete  mix  can  be  prepared 


In  st  .ndard  prefabricated  automated,  semiautcmated  or  mechanized  con¬ 
tinuous  or  intermittent  action  plants  with  concrete  mixer  capacities 
of  1200  and  2400  liters  (Pig.  90). 

The  selection  of  the  concrete  plant  and  its  productivity  is  deter¬ 
mined  in  accordance  with  the  rate  of  the  concrete  placing  operations, 
the  set  of  concrete  placing  machines  used  and  the  weight  carrying  cap¬ 
acity  of  the  dump  trucks. 


Pig.  90.  Standard  concrete  plant  with  four  concrete  mixer3,  1200  liters 
capacity  each,  l)  Rotary  funnel  of  the  second  section;  2)  feeding  con-  1 

veyerj  3)  belt  conveyer;  4)  batching  plant;  5)  loading  device;  6)  con- 
Crete  mixer;  7)  distributing  bin;  8)  belt  elevator  for  cement.  • 1 

1 

When  using  the  D-181V  spreader  for  placing  of  concrete  use  should  ( 

be  made  of  an  automated  concrete  plant  with  two  1200  liter  capacity  r 

concrete  mixers  with  the  concrete  mix  transported  by  ZIL-585  dump 
trucks.  In  this  case  the  productivity  of  the  entire  set  of  machines  us-  < 

ed  will  be  coordinated.  If  the  new  D-375  spreader  Is  used  for  placing 
together  with  dump  trucks  with  side  unloading  (DAZ-600  or  MAZ-506),  < 

then  use  should  be  made  of  a  concrete  plant  for  preparing  rigid  con-  1 
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crete  mixes  In  forced  action  concrete  mixers.  To  obtain  a  homogeneous 

i 

■  concrete  mix  special  care  should  be  taken  to  conform  to  the  time  for 
mixing  and  the  ratio  of  components  making  up  the  mix,  specified  by  the 
construction  site  laboratoru. 

The  proportioning  section  of  the  concrete  plant  should  have  the 
specified  concrete  composition  for  -the  given  shift  and  the  plant's  lab¬ 
oratory  should  dally  control  the  quality  of  the  received  material,  lr>- 

| 

troduce  corrections  to  the  batching,  control  the  mixes  produced  and 
the  concrete  strength.  Batching  of  concrete  components  should  be  by 

» 

weight  only  with  deviations  of  the  established  water  and  cement  pro¬ 
portions  of  +  1.5&  of  sand  2$S  and  of  crushed  stone  or  gravel  +3$6. 

The  operation  of  batching  devices  should  be  checked  dally  and  at 
;  the  beglning  of  shift. 

lately  the  IChZ-5  special  device  Installed  In  the  batching  section 
of  the  plant  Is  used  for  choosing  an  economical  concrete  composition 
of  the  given  brand  and  for  control ing  Its  preparation,  which  gives  a 
cement  saving  of  up  to  10#. 

In  order  to  prevent  dusting  and  sticking  of  cement  to  the  concrete 
mixer  walls.  Its  drum  13  first  loaded  with  crushed  stone  and  water, 
then  by  cement  and  Immediately  thereafter  by  sand.  The  time  for  mixing 
from  the  Instant  of  loading  of  all  materials  Into  the  drum  to  the  be- 
glning  of  unloading  should  comprise  120  seconds  for  1200  liter  concrete 
■mixers  and  150  seconds  for  2400  liter  concrete  mixers. 

At  the  end  of  each  shift  the  concrete  Mixer  drums  are  thoroughly 
cleaned  and  washed  with  water. 

The  organization  of  transporting  the  cement  concrete  mix  from  the 
concrete  plant  to  the  place  of  placing  should  satisfy  the  following 
requirements : 

the  concrete  mix  must  be  protected  from  leakage,  drying  out,  sett- 
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ling  Into  layers,  contamination  and  premature  setting; 

the  productivity  of  the  transportation  facilities  should  corre¬ 
spond  to  the  productivity  of  the  concrete  plant  and  to  the  concrete 
pouring  rate. 

The  cement  concrete  mix  separates  into  layers  due  to  bumps  and 
shakes  when  transported  over  poor  roads,  for  which  reason  the  tempo¬ 
rary  approach  roads  should  be  constantly  maintained  In  good  order.  Pre¬ 
viously  placed  rows  of  concrete  pavement  should  (whenever  possible)  be 
put  to  maximum  use  as  hauling  routes. 

To  protect  from  drying  out  and  from  rain  for  a  hauling  duration 
of  more  than  20  minutes  the  cement  concrete  mix  must  be  covered  by  tar> 
paullns,  while  in  the  winter  it  must  be  covered  by  insulating  material 
to  prevent  it  from  freeaing.  The  number  of  required  dump  trucks  is  de¬ 
termined  by  calculation.  The  bodies  of  the  dump  trucks  should  be  clean 
and  in  proper  condition  (protecting  the  mix  from  leakage). 


Pig.  91.  Pneumatic  vibrators  on  the  body 
of  the  ZIIr-585  dump  truck.  1)  Vibrator; 

2,4  and  7  rubber  hoses;  3)  automatic 
crane;  5)  receiver;  6)  lubricating  mech¬ 
anism. 

To  prevent  the  concrete  mix  from  sticking  to  the  walls  and  bottom 
of  the  dump  truck  body,  the  body  must  be  thoroughly  washed  with  water 
every  3-4  hours  of  operation  as  well  as  at  the  begining  and  end  of  a 
shift  at  a  washing  point  near  the  concrete  plant.  To  accelerate  unload¬ 
ing  and  to  decrease  losses  of  the  cement  concrete  mix,  pneumatic  vib¬ 
rators  should  be  Installed  on  the  dump  trucks  (Fig.  91). 

The  hauling  duration  of  a  cement  concrete  mix  whose  setting  time 

-  292  - 


2s  2  hours  should  not  exceed  1  hour  and  30  minutes  for  an  air  tempera¬ 
ture  up  to  15°.  1  hour  for  a  temperature  fror  15  to  25°  and  30  minutes 
for  a  temperature  above  25°. 

54.  PLACING  THE  CEMENT  CONCRETE  MIX 

Before  the  cement  concrete  mix  Is  placed  the  following  must  be 
thoroughly  checked:  proper  positioning  of  the  paving  forms,  timber 
molds,  reinforcing  cages  and  elements  of  butt  Joints;  proper  density 
and  moisture  content  of  the  prepared  foundation;  quality  of  timber  mold 
libricatlon  and  placement  of  water  resistant  paper  on  the  foundation 
(If  this  Is  provided  for  In  the  plan);  proper  position  and  fastening  of 
spacers  In  Joints;  quality  of  bitumen  application  to  the  tongue  of  the 
tongue  and  groove  Joints  in  previously  poured  concrete  slabs;  the  state 
of  temporary  approach  roads;  good  operating  order  of  the  set  of  con¬ 
crete  placing  machines  and  their  adjustment;  availability  of  various 
auxiliary  tools  or  equipment  for  placing,  compacting  the  mix,  finish¬ 
ing  the  surface,  construction  of  Joints  and  curing  the  cement  concrete. 

Concrete  pouring  cannot  start  before  checking  the  quality  of  all 
the  preceding  preparatory  work. 

The  first  process  in  placing  the  cement  concrete  mix  Is  Its 
spreading  the  the  D-l8l  bln  spreader.  In  order  to  spread  tha  cement 
concrete  mix  over  the  foundation  In  an  uniform  layer  of  the  specified 
thickness  the  spreader  Is  adjusted  before  the  start  of  work  expercen- 
tally,  taking  into  account  settling  of  up  to  10-12#  on  compaction. 

The  spreading  accuracy  with  respect  to  thickness  is  obtained  by  a 
pilot  wheel  which  changes  the  position  of  the  bln  frame.  The  second  im¬ 
portant  consideration  In  adjusting  the  spreader  Is  placing  the  end  suj>- 
ports  of  the  bln  In  a  position  In  which  the  mix  Is  spread  all  the  way 
to  the  Internal  walls  of  the  paving  forms.  The  bln  spreader  can  also  be 
used  to  place  the  cement  concrete  mix  in  the  gutter  sections  of  the 
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pavement.  For  this  purpose  two  pairs  of  wedge  shaped  plates,  conform¬ 
ing  to  the  gutter  profile  are  fastened  to  the  guiding  beams  over  which 
the  bln  rollers  move. 

The  dump  trucks  drive  up  to  the  spreader  whose  bucket  Is  raised 
from  the  side  of  the  trench  or  finished  pavement.  After  the  dump  truck 
pass  the  spreader  bucket  Is  lowered  and  the  mix  Is  unloaded  into  It. 

The  bin-type  spreader  volume  is  1.6  metera^  which  corresponds  to  the 
capacity  of  the  ZIL-585  dump  truck.  Then  the  dump  truck  drives  away 
without  turning  around  and  the  bucket  is  raised  by  a  winch  and  the  mix 
is  unloaded  Into  the  spreading  bln  with  a  collapsible  bottom.  The  ce¬ 
ment  concrete  mix  is  distributed  In  even  strips  up  to  0.9  to  total 
strip  depth.  After  spreading  the  mix  on  the  strip  the  next  cycle  starts 
with  moving  the  entire  D-181V  machine  by  C.7-0.9  meters.  The  average 
duration  of  the  cycle  Is  2-3  mlmutes.  The  bucket  should  be  raised  when 
the  machine  is  moved.  The  position  of  the  reinforcement  cages  and  of 
the  butt  Joint  elements  should  be  kept  lntack  during  spreading  the  mix. 

The  spreader  is  serviced  by  3  workers  (the  operator,  his  helper 
and  <me  auxiliary  worker. 

The  productivity  of  the  spreader  is  25-30  meters^/hour,  which  cor¬ 
responds  to  the  productivity  of  a  standard  automated  concrete  plant 
with  two  1200  liter  concrete  mixers. 

In  comparison  with  the  D-181V  spreader,  the  D-375  self-propelled 
bin-type  spreader  Is  more  refined  (Fig.  92).  It  makes  It  possible  to 
load  the  concrete  mix  Into  the  spreader  bln  from  both  sides,  has  twice 
the  productivity,  does  not  have  a  lifting  bucket,  only  a  bln  spreader 
with  2.4  meters^  capacity. 

The  D-375  machine  has  been  designed  for  work  with  dump  trucks  with 
side  unloading. 

The  MAZ-506  dump  trucks  with  a  5»5  ton  lifting  capacity  whose 


I  body  unloads  on  both  sides  are  most  dfflciently  used  with  the  D-375- 
f  The  MAZ-506  Is  loaded  by  three  1200  liter  concrete  mix  batches,  which 

|  makes  it  possible  to  completely  utilize  the  capacity  of  the  bln  spread- 

# 

*  !  er  and  to  ensure  uniform  spreading  of  the  mix.  In  addition,  the  dumping 

S  height  of  the  MAZ-506  dump  truck  is  about  130  cm,  which  makes  it  pos- 
1  sible  to  unload  the  concrete  mix  from  the  soil  trench  or  sand  founds- 

I 

I  tlon  of  an  adjacent  strip  without  cumbersom  approach  ramps. 


Fig.  92.  The  D-375  bin-type  concrete  mix 
spreader. 


Nonna 1  operation  of  the  D-375  spreader  requires  the  adaption  of  a 
new  standard  concrete  plant  with  a  productivity  of  up  to  50  meters^/ 
hour,  which  could  prepare  rigid  concrete  mixes,  for  which  the  new 
spreader  has  been  designed. 

Preparing  of  rigid  concrete  mixes  in  type  S-221  concrete  mixers 
with  1200  liter  capacity  requires  Increasing  the  mixing  duration  by  a 
factor  of  2-3  In  comparison  with  preaparing  of  plastic  concretes,  which 
results  in  sharply  decreasing  their  productivity. 

The  D-375  spreader  is  designed  for  spreading  concrete  in  one  or 
two  layers  from  8  to  50  cm  thick  with  strip  widths  of  3-5»  5  and  7  m. 

The  accuracy  of  spreading  the  concrete  mix  by  the  D-375  spreader 
depends  on  carefully  adjusting  it,  which  Is  performed  before  the  work 
starts  and  during  the  work  by  trial  and  error.  Proper  selection  of  the 
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pavement  thickness  taking  Into  account  settling  due  to  compaction  Is 
achieved  by  simultaneous  trial  and  error  adjustment  of  the  working  ele¬ 
ments  of  the  spreader  and  of  the  vibrating  finishing  machine. 

In  constructing  twin- layer  cement  concrete  and  3 Ingle  layer  rein¬ 
forced  concrete  pavements  reinforced  by  a  single  mesh  in  the  middle 
with  continuous  pouring  It  Is  necessary  to  ensure  precise  cr ordination 
of  the  processes  of  placing  the  lower  and  upper  layers.  In  this  case 
two  D-375  spreaders  are  used  for  spreading  the  cement  concrete  mix.  The 
distance  between  the  two  spreaders  should  ensure  concenlence  and  safety 
of  the  mix  spreading  operations,  but  should  not  exceed  15-20  meters. 

The  concrete  mix  may  not  be  placed  Into  the  upper  layer  when  setting 
has  started  In  the  lower  layer.  The  time  Interval  between  spreading  of 
the  cement  concrete  mix  of  the  lower  and  upper  layers  depends  on  the 
air  temperature  and  on  the  concrete  composition  and  should  not  exceed 


the  folloelng  values. : 

Above  zero  air  temperature.  Time  Interval, 

degrees  hours 

up  to  15 . 3 

15-20  . 2 

25-30  . .  .  1 


The  cement  concrete  mix  of  the  lower  layer  should  be  compacted  by 
the  vibrating  tamper  of  the  D-376  concrete  finisher,  lowered  below  the 
edges  of  the  paving  foims.  The  surface  of  the  lower  layer  is  not  smooth- 
ened.  The  cement  concrete  mix  In  the  upper  layer  is  compacted  and  fin¬ 
ished  In  the  same  manner  as  In  single  layer  pavements. 

55.  COMPACTING  OP  CEMHJT  CONCRETE  MIX  AND  FINISHING  OF  THE  PAVEMENT 
SURFACE 

Compacting  the  placed  concrete  mix  and  finishing  the  pavement  are 
the  most  critical  operations  which  determine  the  strength  and  quality 
of  the  future  pavement.  Thses  operations  are  performed  either  by  the  D- 


182V  or  by  by  B-376  machine. 

The  D-182V  concrete  finisher  compacts  the  concrete  mix  placed  In 
a  layer  of  up  to  30  cm  and  finishes  the  pavement  surface  In  2-3  passes. 
The  main  working  elements  of  the  D-k82V  are  the  vibrating  tamper,  the 
aereed  and  theflnlshlng  belt  (Pig.  93)* 

In  the  first  pass  the  vibrating  tamper  is  positioned  by  2-3  cm 
helgher  than  the  screed,  the  machine  movers  In  the  first  gear.  All 
working  elements,  except  dor  the  finishing  belt  are  in  operation.  The 
vibrating  tamper  has  5  1-117  vibrators  and  the  screed  has  3  1-7  viba- 
tors. 

To  obtain  a  level  and  strong  pavement  surface  extreme  care  must 
be  taken  that.  In  the  operation  of  the  D-182V  concrete  finisher,  a  con¬ 
stant  longitudinal  pile  of  the  nix  5-10  cm  high  be  always  pushed  ahead 
by  the  vibrating  tamper  over  the  entire  width  of  the  pavement,  with  a 
similar  pile  3-5  cm  high  pushed  ahead  of  the  screed. 

In  the  second  pass  the  vibrating  tamper  Is  placed  at  the  level  of 
the  rail  tips;  the  same  working  elements  are  In  operation  as  In  the 
first  pass. 

The  third  pa3s  is  made  In  the  first  gear  with  all  the  working  ele¬ 
ments,  Including  the  finishing  belt,  switched  on.  The  surface  is  com¬ 
pacted  and  finished  In  section  lengths  of  up  to  20  meters. 


«  J  _  1  '  9  * 


Fig.  93.  Diagram  of  the  IV182V  con¬ 
crete  finisher,  l)  Vibrating  tamper; 

2)  screed;  3)  finishing  belt;  A) 
paving  form. 

The  concrete  finisher  is  serviced  by  5  'workers:  the  operator,  his 
helper  and  3  auxiliary  workers  equlped  with  depth  vibrators  by  which 
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they  additionally  compact  the  concrete  mix  placed  at  the  slab  edges  a- 
long  the  timber  molds  and  near  the  transverse  expansion  Joints,  and  if 
necessary  they  cut  off  excessive  concrete  mix  or  add  tc  points  in  which 
It  lacks  on  compacting. 

After  three  passes  of  the  D-182V  machine  additional  finishing  of 
the  pavement  surface  is  usually  not  required.  If  blowholes  and  uneven 
spots  are  still  left  on  the  pavement  surface  this  points  to  poor  work 
of  the  vibrators  or  to  poor  quality  of  the  cement  concrete  mix.  All  the 
defects  of  the  concrete  pavement  surface  are  corrected  by  hand,  using 
smoothing  tools,  finishing  belts  and  rubbing  tools  (Pig.  94)  from  a 
bridge  moving  on  wheels.  The  use  of  v/ater  in  surface  finishing  is  pro¬ 
hibited.. 

The  surface  evennes  is  checked  by  a  3  mecer  rod  placed  in  the  lon¬ 
gitudinal  and  transverse  directions.  The  gap  beneath  the  rod  should  not 
exceed  5  ran. 

The  D-376  concrete  finisher  Is  more  refined  (Pig.  95)  than  the  D- 

182V. 

The  working  elements  of  this  machine  are  a  vane  shaft  for  final 
leveling  of  the  cement  concrete  mix,  vibrating  tamper  equipped  with 
six  mechanical  vibrators  and  a  finishing  beam  arranged  together  with  a 
vibrating  board. 

The  vibrating  tamper  compacts  the  concrete  mix  without  supporting 
itself  on  the  paving  forms,  which  makes  it  possible  to  transfer  a  part 
of  the  weight  of  the  machine  proper  through  the  vibrating  tamper  to  the 
placed  mix.  In  addition,  the  vibrating  tamper  is  provided  with  a  rock¬ 
ing  mechanism,  which  imparts  to  it  reciprocating  notion. 

The  enumarated  features  make  it  possible  to  use  the  D-376  machines 
for  compacting  rigid  concrete  mixes  with  a  layer  thickness  up  to  50  cm 
by  1-2  passes  over  the  same  trace. 
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Pig.  9^.  Rubbing  and  smoothing  tools  for 
finishing  the  surface  of  placed  concrete 

mix. 


Pig.  95*  The  D-376  concrete  finisher. 


To  obtain  a  quality  pavement  the  D-376  concrete  finisher  is  ad¬ 
justed  before  its  work  starts ; 

1.  The  plane  of  the  machine  fram  is,  by  changing  the  length  of 
the  pull  rods,  placed  parrallel  to  the  paving  foms. 

2.  The  vane  shaft's  height  is  adjusted  by  taking  into  account  the 
concrete  compaction. 

3.  The  rear  edge  of  the  vibrating  tamper  is  placed  at  the  level  of 
the  paving  foro  tops. 

4.  The  lower  edge  of  the  vibrating  board  and  the  rear  edge  of  the 
finishing  bean  should  be  parallel  and  then  bottom  of  the  finishing  beam 
should  have  specified  slide-on  angle. 
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Signs  attesting  to  proper  adjustment  of  the  working  elements  of 
the  D-376  machine  is  thefomaticn  of  a  uniforr.  roll  of  concrete  mix  5- 
8  cm  high  ahead  of  the  compacting  vibrating  tamper  and  of  a  roll  of  ce¬ 
ment  grout  1_2  cm  high  ahead  of  the  finishing  beam.  The  rolls  are  kept 
at  uniform  height  In  the  process  of  operation  by  adjusting  the  compact¬ 
ing  vibrating  tamper  and  the  vane  shaft.  After  the  first  pass,  if  a 
large  number  of  defects  Is  left  on  the  pavement  surface,  a  second  pass 
It  made. 

It  has  been  established  that  the  D-376  concrete  finisher  does  not 
sufficiently  process  and  finish  the  pavement  surface  made  from  rigid 
concrete  mixes  (W/C  *  0.35-0.45).  After  1-2  passes  the  pavement  sur¬ 
face  must  be  finished  off  by  hand.  In  addition,  the  vane  shaft  pulls 
out  coarse  crushed  stone  fractions  from  the  concrete  mis  and  concen¬ 
trates  them  on  the  pavement  surface  thus  making  difficult  finishing  it 
and  disturbing  the  designed  concrete  structure. 

The  short  base  of  the  track  wheels  of  the  D-376  concrete  finisher 
(about  1.5  meters)  makes  ensuring  evennes  of  the  constructed  pavement 
In  the  longitudinal  direction  difficuly.  All  the  irregularities  In 
placing  of  the  paving  foms,  especially  sags  at  the  Joints,  are  repro¬ 
duced  on  the  pavement. 

Lately,  in  order  to  ensure  evennes  of  the  airport  pavements  In 
the  longitudinal  direction  a  long-base  additional  concrete  finisher 
(Pig.  96)  is  being  included  into  the  concrete  placing  set  to  be  towed 
by  the  D-376. 

Two  vibrating  tampers  placed  at  a  90°  angle  are  suspended  from  the 
machine's  plat  foms.-  4  mechanical  vibrators  are  installed  on  each.  The 
rear  platform  is  provided  by  a  6.9  meter  long  finishing  beam  with  a 
rubber  belt.  The  machine  is  controlled  by  a  hydraulic  mechanism  oper¬ 
ated  from  a  panel;  the  productivity  for  a  concrete  row  width  of  7  m  is 
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Pig.  96.  Drawn,  long  base  concrete  finisher, 
1)  Vibrating  tamper;  2)  finishing  beam  e- 
qulpped  with  a  rubber  belt;  a)  D. 


up  to  250  linear  meters /shift. 

All  the  concrete  placing  machines  considered  above  move  over  the 
paving  foms,  the  placing  and  removal  of  which  are  up  to  the  present 
time  most  labor  consuming  and  cannot  be  mechanized  in  an  integrated 
manner.  For  this  reason  the  B-502  concrete  placer  is  no w  being  adapted 
for  constructing  concrete  road  and  airport  pavements  on  sliding  ferns 
with  a  system  of  automatic  control  of  all  working  elements. 

The  machine  is  equipped  with  a  concrete  spreader,  screed  and  tam¬ 
per,  finishing  beam  and  belt.  The  width  of  the  concrete  pavement  strip 
constructed  is  3*5  meters  and  the  thickness  is  up  to  28  cm.  The  placer 
moves  over  a  compacted  and  leveled  foundations  on  two  crawlers  at  a 
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speed  of  about  1  meter/falnute.  The  sliding  steel  forms ,  which  replace 
the  ordinary  paving  forms  are  30  meters  long.  Ti:«.  use  of  a  placer  with 
sliding  forms  for  constructing  concrete  pavements  will  make  It  possible 
to  lower  the  amount  of  metal  required  for  the  3et  by  a  factor  of  more 
than  8,  and  the  labor  Input  required  by  a  factor  of  3* 

To  construct  concrete  pavements  at  Junction  points  of  runways  and 
taxiways,  taxiways  with  Individual  and  group  aprons,  at  hangar  site 
areas,  gutters  and  other  places  where  it  Is  either  Impossible  or  ln- 
c oven lent  to  use  the  basic  concrete  placing  machines  due  to  the  small 
work  volume.  It  Is  expedient  to  use  a  simplified  type  concrete  finish¬ 
er.  This  machine  has  a  leveling  blade  and  a  vibrating  tamper  with  three 
mechanical  vibrators  driven  by  the  D-6/3  Internal  combustion  engine 
with  6  HP  rating.  The  machine  moves  over  paving  forms  using  a  manual 
mechanism.  The  width  of  the  constructed  strip  Is  3*5  meters  and  the 
productivity  is  up  to  20  meters^/hour. 

56.  CONSTRUCTING  THE  JOINTS 

Expansion  and  contraction  Joints  In  upper  part  of  concrete  pave¬ 
ments  are  the  weakest  structural  elements.  They  are  to  the  greatest  ex¬ 
tent  subjected  to  the  action  of  external  loads  (of  aircraft)  and  at¬ 
mospheric  factors.  The  watertightness  and  service  life  of  pavements 
during  operation  depends  to  a  large  extent  on  the  quality  of  Joint  con¬ 
struction  and  of  filling  of  the  upper  space  of  the  Jclnts.  Up  to  re¬ 
cently  the  main  method  for  constructing  Joint  spaces  is  cutting  them 
In  freshly  laid  concrete  by  vibrating  knives  of  the  D-159V  or  D-377 
Joint  sawing  machines  (Fig.  97). 

Sawing  of  Joints  starts  10-15  minutes  after  compacting  the  con¬ 
crete  mix  and  final  finishing  of  the  pavement  surface.  Before  sawing 
marks  are  made  carefully  on  the  paving  forms  or  on  the  side  of  trans¬ 
verse  Joints  by  markers  or  by  placing  pegs  with  flags  on  both  sides  a- 
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gainst  the  Joints.  It  must  be  kept  In  mind  that  If  she  gap  does  not 
coincide  with  the  placed  wooden  spacer  of  the  expansion  Joint  (see  Fig. 
88)  then  this  always  results  In  random  fomation  of  cracks  at  the  edges 
of  Joints  cut  and  filled  with  mastic. 

The  B-377  machine  Is  self-propelled  and  has  a  vibrating  knife  for 
cutting  of  transverse  Joints  over  the  entire  width  of  the  pouted  pave¬ 
ment  strip  and  a  composite  vibrating  disk  for  sawing  of  the  longitudi¬ 
nal  Joint.  In  addition,  the  D-344  hand  Joint  filling  machine  Is  mounted 
on  it  on  a  special  guiding  rail. 

The  transverse  Joint  is  sawed  strictly  according  to  marks  made  on 
the  paving  foms.  The  vibrating  knife  is  first  sinks  by  its  own  v/eight 
with  the  blbrators  disconnected.  Then  the  vibrators  are  switched  on  for 
15-20  seconds  in  order  to  lower  the  knife  to  the  design  depth  and  to 
ensure  better  distribution  of  crushed  stone  particles  in  the  concrete 
mix  In  the  strip  In  v/hlch  the  Joint  is  situated. 

The  knife  is  raised  (retracted)  slowly  after  the  vibrators  are 
disconnected.  The  longitudinal  dummy  Joint  is  similarly  cut  by  the  vi¬ 
brating  disk  moving  along  paving  foms  with  the  entire  machine  in  the 
firat  gear.  The  disk  is  lowered  to  the  Joint  cutting  depth  with  the  vi¬ 
brated  disconnected. 

When  the  vibrating  knife  or  disk  is  removed,  a  well  planed  and 
wooden  spacer  lubricated  by  spent  lubricants  or  lir.e  and  produced  with 
a  slight  taper  (to  facilitate  its  removal)  is  placed  in  the  space  thus 
fomed.  Crests  with  slopes  to  fom  facets  with  a  rounding  radius  of  5- 
10  mn  in  the  slab  edges  are  nailed  at  eh  upper  part  of  the  spacer.  Me¬ 
tal  spacers  may  be  used  instead  of  the  wooden  spacers. 

After  the  spacers  are  placed  in  the  sawed  space  the  concrete  mix 
at  the  gap  edges  is  compacted  by  special  vibrating  templates  (Fig.  98) 
until  cement  grout  appears  on  the  pavement  surface. 
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Pig.  97.  The  D-377  Joint  producting  machine. 


The  time  during  which  the  spacer's  should  be  kept  In  the  concrete 
la  determined  experimentally  depending  on  the  air  temperature.  The 
moat  Important  point  is  that  the  edges  of  adjacent  slabs  should  not  be¬ 
come  raised  after  extracting  the  spacer  and  that  the  concrete  walls  of 
the  Joint  should  not  flow  and  the  pavement  edges  should  not  be  damaged. 
After  the  spacers  are  removed  all  the  defects  In  the  Joint  are  removed 
by  smoothing  tools  and  the  Joint  Is  Immediately  filled  by  the  TsN-2  or 
H-5  Infusible  mastic  by  the  D-377  machine  or  from  the  D-  195V  bridge. 

The  TsN-2  mastic  consists  of  24£  of  brand  III  bitumen,  5 6j3  of  the 
V-l  alloy,  6£  of  serpentine  asbestos  and  14$S  of  sand  passed  through  a 
sieve  with  o.75  mm  holes. 

The  N-5  mastic  consists  of  25/3  of  brand  III  bitumen;  50/3  of  the 
V-l  alloy  and  25/3  of  mineral  powder. 

Before  filling  the  transverse  Joint  the  guiding  rail  over  which 
the  Joint  sealing  device  moves  should  be  positilned  by  special  screws 
so  that  the  filling  nozzle  be  exactly  over  the  cut  gaps  over  the  en¬ 
tire  Joint  width.  The  bitumen  mastic  should  be  heated  to  a  temperature 
not  lower  than  160°  and  v/ell  mixed. 
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Pig.  98.  Compacting  of  Joints  by  a  vibrating 
template. 

Joints  are  sealed  In  two  stages  up  to  the  top  of  the  gap,  without 
letting  the  mastic  to  flow  out  past  the  limits  of  the  Joint.  The  ex¬ 
cess  mastic  on  the  Joint  is  cut  off  after  the  concrete  curing  Is  com¬ 
pleted.  The  longitudinal  Joints  are  sealed  in  the  same  manner  by  mov¬ 
ing  the  entire  machine  forward. 

Sealing  of  Joints  in  freshly  placed  pavement  slabs  wnsures  better 
cohesion  between  the  mastic  and  the  concrete  by  creating  a  vacuum  on 
hardening  and  settling  of  the  concrete  mix.  The  mastic  also  protects 
the  3ide  surfaces  of  the  Joints  from  drying  out  thus  creating  condi¬ 
tions  favorable  for  hardening  of  concrete  at  slab  edges.  However,,  in 
cutting  of  Joints  by  a  vibrating  knife  or  disk  in  freshly  placed,  com¬ 
pacted  and  finished  concrete  the  structural  strength  of  the  concrete 
at  the  slab  edges  is  disturbed,  and  the  displaced  concrete  produces  un 
dulations  on  the  pavement.  The  Joints  then  became  ragged  with  uneven 
edges. 

Attempting  the  produce  even  Joints,  the  builders  use  various  hand 
trowels,  rubbing  and  smoothing  tools  for  making  of  "splash  on  layers" 
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Pig.  99.  Diagram  of  a  3lngle  disk  tempera¬ 
ture  Joint  sawing  machine.  1)  Cutting  disk; 
2)  water  pump;  3/  electric  motor;  a)  to  the 
line. 


on  the  slab  edges. 

At  the  present  time  special  Joint  sawing  machines,  which  cut 
Joints  In  hardened  concrete  sawing  apart  the  pavement  by  rapidly  ro¬ 
tating  abrasive  cutting  disks,  are  being  adapted  Into  the  practice  of 
construction  of  concrete  and  reinforced  concrete  road  and  airport  pave¬ 
ments.  The  Joints  thus  obtained  are  beautiful  and  have  a  long  service 
life.  The  main  virtues  of  this  Joint  sawing  method  is  the  long  life  of 
the  Joints  and  its  good  external  appearance;  the  pavement  finishing 
process  is  simplified  and  the  manual  labor  Input  Is  decreased  several 
fold.  Among  the  virtues  we  should  also  count  the  possibility  of  accel¬ 
erating  the  beglnlng  of  concrete  curing  after  passing  of  the  concrete 
finisher,  which  Is  especially  Important  In  hot  sunny  days  and  at  sub¬ 
zero  temperatures. 

Starting  with  I960,  the  Nlkolayev  Road  Machine  Plant  serially  pro¬ 
duces  the  D-432  Joint  sawing  machine  (Fig.  99).  The  Joint  sawing  ma¬ 
chine  Is  a  cart  on  wheels  moved  by  hand  over  guiding  rails.  The  main 
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cutting  working  element  is  driven  by  an  electric  motor.  The  machine  is 
equipped  by  a  water  pump  supplying  water  to  cool  the  abrasive  disk.  The 
machine  is  serviced  by  an  operator  and  his  helper. 

The  following  are  required  fcr  ensuring  nomal  operation  of  this 
machine:  abrasive  cutting  disks  calculated  as  one  disk  per  20  linear 
meters  of  Joint;  portable  electric  generating  set  such  as  PES-100; 
portable  water  tank  designed  for  a  flow  rate  of  400-500  liters  of  wa¬ 
ter  per  hour.  It  is  recommended  that  Joints  be  sawed  by  the  D-432  type 
machine  at  air  temperatures  of  15°  10-20  hours  after  finishing  the 
pavement  surface.  At  lower  temperatures  this  interval  is  several  days. 


Pig.  100.  Multidisk  Joint  sawing  machine,  l) 
Frame;  2)  pneumatic- tired  wheels;  3)  suppot 
brackets;  4}  portable  cart  with  dl  s  les  f  5  / 
abrasive  disks;  6)  electric  motor. 


It  was  shewn  by  analysis  of  the  sawing  of  Joints  in  hardened  corv- 
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crete  that  it  can  he  lowered  by  using 
Joint  sawing  machines  with  several  cutting 
disks  (Fig.  100). 

Joints  cut  in  hardened  concrete  are 
sealed  by  the  D-3^4  hand  sealing  unit.  Be¬ 
fore  sealing  the  Joints  should  be  cleared 
of  dust,  dried  and  lubricated  by  bitumen 
cutback.  Matic  for  sealing  of  narrow  Jolrts 
3-5  mm  wide  must  be  introduced  into  the 
Joints  under  pressure  (Fig.  101 ).  After 
filling  with  mastic  the  Joints  are  cov- 
!  ered  by  material  provided  for  by  the  cement  concrete  curing  procedures. 
57.  CORING  THE  FRESHLY  PLACED  CONCRETE 

In  order  to  create  favorable  conditions  for  hardening,  the  con- 
rete  must  be  protected  from  wind  and  sun  action,  from  belqg  washed  out 
by  the  rain,  from  mechanical  shocks  and  impacts,  from  freezing  and  oth¬ 
er  factors  until  its  strenght  reaches  at  least  50 £  of  the  design 
strength.  Curing  of  the  concrete  should  start  immediately  after  its  sur¬ 
face  has  been  finished. 

The  operational  service  life  and  stability  of  concrete  pavements 
depend  to  a  large  extent  on  timely  and  proper  organization  of  curing. 

Sand  (sprinkled  with  water),  film  forming  materials, etc. ,  may  be 
used  for  curing  the  freshly  placed  concrete. 

Curing  of  freshly  laid  concrete  with  the  use  of  moistened  sand  is 
implemented  in  three  stages. 

The  first  stage  of  concrete  curing  starts  immediately  after  saw¬ 
ing  of  Joints  and  finishing  the  surface  of  the  poured  slabs  and  is  ter¬ 
minated  when  the  concrete  begins  to  set.  This  instant  is  determined 
visually  after  moisture  disappears  form  the  pavement  surface  or  by  plao- 


Fig.  101.  The  D-344  tr¬ 
ait  for  sealing  of 
Joints  with  mastic. 


lng  the  palm  of  a  hand  against  the  pavement  surface.  The  absence  on  the 
palm  of  stuck  cement  grout  particles  points  to  the  fact  that  sand  can 
be  placed  on  the  pavement  surface  without  harming  it. 

At  the  first  curing  stage,  in  order  to  protect  from  the  sun  and 
wind  and  from  creation  of  cracks,  the  pavement  concrete  surface  is  cov¬ 
ered  by  light  tents,  shields,  tarpaulines  or  by  thin  rolled  watertight 
material,  in  order  to  minimize  evaporation  of  water.  It  is  better  to 
use  light  tents  whose  frame  is  made  from  duraluminum .  tubes  with  union 
Joints.  Water  repellent  material  is  stretched  on  the  frame.  The  entire 
tent  is  moved  on  wheels  riding  on  the  paving  forms.  Air  circulation  un¬ 
der  the  tent  is  not  allowed.  The  main  problem  in  the  first  concrete 
curing  stage  consists  in  stopping  or  slowing  down  the  evaporation  of 
water,  in  order  to  prevent  the  formation  of  settling  cracks. 

The  second  stage  of  concrete  curing  starts  from  the  instant  that 
moisture  disappears  frcn  the  concrete  surface.  In  the  second  stage  the 
cover  is  removed  and  a  sand  layer  at  least  6  cm  thick  is  placed  on  the 
surface. 

When  no  sufficient  rater  is  available  for  sprinkling  and  also  in 
regions  with  a  hot  climate  the  sand  layer  is  increased  to  10-15  cm. 

The  sand  is  spread  in  a  unifom  layer  through  a  rolling  sieve  in 
several  applications.  Practic  has  established  the  following  procedure 
for  covering  the  pavement  with  sand.  First,  using  the  rolling  sieve  a 
sand  layer  of  3-4  cm  is  carefully  spread,  which  is  immediately  sprin¬ 
kled  with  atomized  water  from  a  hose  in  the  amount  of  5-10  litere  per 

A 

1  meter  .  Then,  after  30-40  minutes  the  remaining  part  of  the  sand  is 
spread,  which  is  also  sprinkled  with  an  atomized  water  stream  in  the 
amount  of  from  20  to  40  liters  per  application.  Then  in  dry  weather 
when  the  air  temperature  is  30°  the  concrete  is  sprinkled  during  the 
day  each  3  hours  and  at  night  each  5  hours,  for  at  least  S-15  days  af- 
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ter  placing.  The  concrete  sprinkling  regime  Is  more  exactly  determined 
by  the  construction  site  laboratory  depending  on  tho  air  temperature 
and  humidity,  the  wind  force  and  other  factors. 

Due  to  the  large  water  requirement  for  concrete  curing  a  temporary 
water  pipeline  should  be  constructed  parallel  to  the  pavement  of  the 
runway,  taxiway  or  apron  during  construction.  The  concrete  should  be 
sprinkled  by  an  atomized  stream  in  order  not  to  wash  off  the  sand  and 
thus  bare  the  pavement.  Thus  concrete  curing  sequence  prevents  the  for* 
matlon  of  settling  cracks. 

The  third  stage  of  concrete  curing  starts  after  the  sand  cover  Is 
no  longer  sprinkled.  In  this  time  period  the  problem  consists  In  pro¬ 
tecting  the  concrete  from  rapid  evaporation  of  moisture  from  It  and 
from  mechanical  damage  by  transportation  facilities.  For  this  reason 
the  sand  cover  Is  retained  for  15  days  after  the  sprinkling  If  discon¬ 
tinued.  Special  care  should  be  taken  not  to  leave  the  concrete  during 
this  period  without  the  sand  cover. 

To  protect  the  poured  surface  from  mechanical  damage  and  also  to 
control  the  curing  special  signs  are  placed  (Fig.  102)  and  a  field 
book  is  kept  about  curing  the  concrete.  In  which  data  is  recorded  a- 
bout  the  pouring  time,  curing  schedule,  about  the  weather  conditions 
and  also  notations  of  persons  perfaonnlng  the  checking. 

In  order  to  cure  the  concrete  In  the  time  It  hardens  use  Is  made 
lately  of  special  film  producing  materials  (ethyne  varnish,  bitumen 
cutback,  bitumen  and  tar  emulslonsl). 

Bitumen  and  tar  emulsions  consisting  of  5&*55/«  of  bitumen  or  tar 
and  of  up  to  3£  of  surface  active  substances  (as Idol  to  mixture  of  wa¬ 
ter-insoluble  naphthenic  acids,  caustic  soda,  etc.),  which  promote  uni¬ 
forms  distribution  of  the  binder  particles  In  water,  are  most  econom¬ 
ical  and  accessible  for  curing  freshly  placed  concrete. 
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Pig.  102.  Signs  placed  during  curing  of  concrete.  1,2  and  3  are  signs 
for  control  of  the  curing;  4  and  5  are  for  protecting  from  mechanical 
damage,  a)  Concrete  placed;  b)  sprinkle  up  to;  c)  L  ^p  under  sand  up 
to;  d)  black  color;  e)  red  color;  f)  yellow  color;  g)  do  not  walk  fresh 
concrete;  h)  do  not  drive  fresh  concrete. 

The  film  forming  materials  are  applied  to  the  concrete  pavement 
by  special  self-propelled  spreading  machines  moving  on  the  paving  fonts 
(Pig.  103).  The  first  application  is  performed  Immediately  after  fin¬ 
ishing  the  final  compaction  and  surface  finish  work  and  after  water  has 
disappeared.  Approximate  application  rates  and  the  time  for  the  second 
application  after  the  first  are  given  in  Table  31» 

Before  the  second  layer  is  applied  to  the  pavement  it  is  recom¬ 
mended  that  the  wooden  or  metal  rods  placed  in  Joints  should  be  remov¬ 
ed,  the  Joint  edges  finished  and  treated  by  film  forming  materials 
from  a  manual  paint  sprayer. 

After  applying  the  second  layer  cf  bitumen  emulsion  or  bitumen 
cutgack  the  Joints  are  sealed  with  mastic  and  the  pavement  is  covered 
by  a  5-6  cn  sand  layer  or  is  whitewashed  with  lime  in  order  to  protect 
it  from  the  sun’s  rays.  Covering  with  sand  or  whitewashing  with  lime 
is  performed  at  the  instant  o  •;  i'ormafcion  of  a  bitumen  film  (after  the 
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Fig.  103.  Bnulsion  spreading  machine  with  a  multinozzle  application 
pipe.  1)  IJ-5MA  engine;  2)  emulsion  tank;  3)  pupping  apparatus;  4)  mlx- 
Hvbdiler  for  the  mastic;  5)  mastic  cart;  o)  UG-1M  pump  with  distribu¬ 
tor;  7)  gangway  platfonn;  8)  circulation  pipeline;  9)  non-return  val- 
*  as;  10)  ZIS-150  gear  box;  11)  gas  pipeline;  12)  fuel  tank  for  the  en¬ 
gine;  13)  pipe  for  mixing  the  emulsion;  14)  heating  pipes;  15)  distri¬ 
buting  pipe;  16)  speed  reducer  of  the  D-247  crane. 


"  Notes.  1.  The  construction  site  laboratory 
may  change  the  rate  of  application  of  film 
forming  materials  depending  on  the  vlrcoslty 
of  the  material  used.  2.  At  outside  air  tem¬ 
peratures  up  to  15°  the  time  after  which  the 
second  application  is  made  is  increased  by 
10  minutes  and  at  outside  air  temperatures 
higher  than  30°  it  lr  decreased  by  10  mins. 
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l)  Material;  2)  rate  of  application  grarasAieter^;  3)  tine  for  applying 
the  second  layer  after  the  first,  min.  (depending  on  the  air  tempera¬ 
ture);  4)  first  layer;  5)  second  layer;  6)  at;  7)  ethyne  varnish;  8) 
rapidly  disintegrating  bitumen  emulsion;  9)  slowly  disintegrating  bitu¬ 
men  emulsion;  10)  SKS-30  synthethlc  rubber  latex;  11)  bitumen  cutback 
(kerosene  or  gasolene  used  as  the  thinner);  12)  tar  emulsion. 

58.  PLACING  OP  CONCRETE  INTO  A  PAVE4ENT  IN  THE  WINTER  TIME 

Pouring  of  concrete  pavements  in  the  winter  at  day  temperatures 
below  5°  and  night  temperatures  below  -  3°  is  performed  by  winter  con¬ 
crete  pouring  methods,  since  the  process  of  concrete  hardening  and  the 
increase  in  its  strength  practically  ceases  at  below  zero  temperatures 
without  heating  up  the  ingredient  materials.  In  order  to  ensure  hard¬ 
ening  of  the  concrete  mix  in  cold  weather  calcium  chloride  and  sodium 
chloride  salts  are  introduced  into  it.  Pavements  constructed  by  the 

•  4 

winter  concrete  pouring  methods  should  satisfy  the  same  requirements 
which  are  satisfied  by  pavements  placed  at  above  zero  temperatures, 
and  should  have  a  concrete  strenght  at  the  instant  of  freezing  not  less 
than  30#  of  the  design  strength. 

It  is  permissible  to  use  concrete  with  increased  salt  admixtures 
at  temperatures  not  lower  than  -  15°  and  in  non- reinforced  airport 
pavements.  The  quantity  of  salt  is  established  by  the  construction  site 
laboratory  depending  on  the  expected  subzero  temperature  in  the  con¬ 
crete  when  cured  for  the  first  15  days  after  placing,  but  should  not 
be  higher  than  12#  of  the  water  used  for  mixing. 

Requirements  to  the  Materials 

Salts.  Calcium  chloride  (CaClg)  and  sodium  chloride  (common  salt 
NaCl)  should  be  batched  into  the  concrete  mix  as  brine  through  water 
measuring  tanks  of  the  concrete  plant’s  concrete  mixers. 

The  brine  is  prepared  at  the  concrete  piant  in  a  special  solution 
producing  unit  (Pic.  104). 

The  composition  of  the  salt  solutions  in  water  is  specified  by 
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Fig.  104.  Diagram  showing  the  preparation  of  chloride  salt  solutions 
at  a  concrete  plant.  1)  Railroad  tank;  2)  calcium  chloride  solution; 
3)  pump;  4)  proportioning  units;  5)  solution  tank;  6)  unit  for  pro¬ 
ducing  the  sodium  chloride  solution;  7)  concrete  plant  batching  unit; 
8)  calcium  chloride  storeroom;  a)  compressed  air;  b)water. 


calculations  with  the  following  concentration  being  recommended: 

a)  Increased  concentration  with  a  3#  content  of  calcium  chloride 
and  5#  content  of  sodium  chloride  for  creating  of  a  nonfreezing  liquid 
ensuring  hardening  of  concrete  mix  at  temperatures  up  to  -10°; 

b)  average  concentration  with  a  yf>  content  of  calcium  chloride 
and  5£  content  of  sodium  nitrate  for  creating  a  nonfreezing  liquid  en¬ 
suring  hardening  of  the  concrete  mix  at  temperatures  up  to  -8°; 

o)  moderate  concentration  with  a  3J5  content  of  calcium  chloride 
and  2 i»  content  of  sodium  nitrate  for  creating  a  nonfreezing  liquid  en¬ 
suring  hardening  of  the  concrete  mix  at  temperatures  up  to  -  5°* 

In  order  to  Increase  the  rate  of  dissolution  cf  the  salts.  It  Is 
reconneded  that  the  water  In  the  solution  unit  should  be  heated  to  a 
temperature  not  higher  than  85°.  The  volume  of  the  prepared  brine 
should  not  be  less  than  that  needed  to  provide  for  a  shift  of  the  con¬ 
crete  plant's  work.  The  concentration  and  density  of  the  obtained  brine 
Is  controlled  by  an  hydrometer 

Fillers.  The  sand  should  satisfy  the  technical  specifications  of 
the  QOST  8424-57*  The  coarse  (crushed  stone  or  gravel)  and  fine  (sand) 
aggregate  should  not  contain  lumps  or  snow  or  Ice  and  of  frozen  pan- 
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i  tides  of  the  material  proper.  If  frozen  sand,  crushed  stone  or  gravel 
lumps  are  present,  the  aggregate  is  passed  through  a  roll  crusher  and 
passed  through  a  sieve  or  screen  which  would  remove  frozen  lumps  coars¬ 
er  than  15  mm. 

The  surfaces  of  crushed  stone  particles  or  gravel  grains  nay  not 
he  covered  with  Ice. 

The  aggregate  should  be  prepared  In  the  fall  In  the  warn  time  and 
should  be  stored  In  large  piles  In  order  to  prevent  freezing  through 
i  and  freezing  together^ 

Aluminum  oxide  concrete  may  not  be  used. 

Preparing  and  Transporting  the  Concrete  I-Ilx 

The  concrete  mix  Is  prepared  In  a  mechanized  manner  at  a  heated 
concrete  plant.  A  typical  boiler  room  should  be  constructed  at  the  con¬ 
crete  plant  for  heating  It  and  heating  up  the  water. 

The  water  temperature  Is  determined  by  sample  mixes  on  the  condi¬ 
tion  that,  the  concrete  mix  temperature  on  placing  should  not  be  below 
zero  and  that  rapid  setting  should  not  occur.  Heated  of  water  for  the 

i 

1  mix  Is  practically  unnecessary  If  the  outside  air  temperature  is  up  to 

-  5°. 

The  f -<loowing  sequence  should  be  followed  for  loading  of  materials 
I  into  the  concrete  mixer:  the  calculated  salt  solution  is  first  poured 
in  the  heated  state,  then  the  coarse  and  fine  aggregate  is  loaded  and 

|  after  they  have  been  mixed  for  1.  5-2  minutes  the  cement  is  put  li.. 

i* 

I 

The  time  for  mixing  the  concrete  mix  In  th-  concrete  mixer  Is  In* 
creased  by  a  factor  of  1.5-2  In  comparison  with  norms  for  the  summer 

> 

1  period  and  should  comprise  not  less  than  4  minutes.  The  mixing  time  is 

i 

|  counted  startln-  with  the  L.stant  that  all  the  materials  are  loaded  ln- 

i 

!  ,  to  the  concrete  mixer. 

The  concrete  mix  can  be  supplied  to  the  point  of  placing  In  un- 

| 
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heated  bodies  of  dump  t nicks,  which  are,  however,  protected  from  snow 
and  from  drying  of  the  moisture  by  wind. 

At  outside  air  temperatures  up  to  -  10°  the  concrete  mix  should  be 
transported  In  heated  dump  trucks  (insulation  of  the  body,  covering 
with  shields  and  heating  with  the  engine  exhaust  gasses). 

The  concrete  mix  should  be  placed  into  an  unfrozen  foundation, 
which  Is  constructed  under  summer  condition;;  not  to  the  entire  height. 
The  upper  layer  of  the  foundation,  not  less  than  10  cm  thick,  is  con¬ 
structed  from  dry  or  thawed  sand  Immediately  before  placing  the  mix. 
Before  pouring  the  paving  forms  and  timber  molds  should  be  placed  and 
all  the  preparatory  work  should  be  performed,  as  well  as  in  placing  the 
concrete  mix,  by  a  set  of  machines  at  above  zero  temperatures. . 

The  concrete  mix  with  an  Increase  salt  content  also  posses  better 
placeablllty,  for  which  reason  Is  should  be  made  rigid  with  the  water- 
cement.  ratio  not  higher  than  0.5. 

Section  for  constructing  the  pavement  by  the  set  of  machines  are 
moderate  (ft- 10  meters)  in  order  to  completely  treat  the  placed  mix  in 
the  shortest  time  possible  and  to  prevent  its  freezing  before  placing 
of  insulation.  Longitudinal  and  transverse  Joints  are  sawed  and  sealed 
as  usual,  as  at  positive  temperatures. 

After  placing.  In  order  to  prevent  rapid  cooling  and  loss  of  mois¬ 
ture,  the  placed  mix  Is  immediately  covered  by  Insulating  materials. 

Dry  sawdust,  dry  sand,  moss  or  peat,  slag  and  other  materials  are  used 
as  insulators. 

In  order  not  to  damage  the  surface  of  the  freshly  placed  concrete 
and  to  prevent  rapid  freezing  out  of  the  moisture,  it  is  recommended 
that  film  producing  substances,  water  repelling  paper,  tar  roofing  ma¬ 
terial,  parchment  and  other  rolled  Insulation  materials  be  used  as  the 
first  covering  layer. 
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The  thickness  of  the  Insulating  materials  Is  specified  depending 
on  the  temperature  at  which  the  concrete  mix  was  placed  and  on  the  In¬ 
sulating  material,  in  order  to  ensure  hardening  of  the  concrete  during 
the  first  15  days  after  placing.  At  stable  subzero  temperatures  It  Is 
permissible  to  use  a  snow  layer  up  to  60  cm  as  the  Insulating  material 
(as  the  upper  layer  after  ordinary  Insulating  materials  have  been 
placed  in  a  layer  of  at  least  5  cm). 

The  first  cover  should  be  placed  carefully  from  the  working  bridge 
In  order  not  to  damage  the  pavement  surface. 

Constant  checks  must  be  made  of  the  condition  of  the  concrete  co¬ 
ver. 

The  Insulation  Is  removed  after  the  concrete  has  acquired  the  nec¬ 
essary  strength.  If  the  pavement  Is  subject  to  becoming  operational 
during  the  summer,  then  the  Insulation  Is  left  on  It  until  above  zero 
temperatures  are  reached  whereupon  the  concrete  curing  Is  organized  by 
the  ordinary  method. 

The  timber  molds  are  removed  after  the  concrete  acquires  at  least 
5<#  of  Its  design  strength  (in  bending  and  compression),  but  not  ear¬ 
lier  than  a  month  after  placing.  The  tine  for  removing  the  timber 
forms  is  established  by  the  laboratory  on  the  basis  of  experimental 
data. 

The  control  of  the  quality  of  concrete  pouring  operations  under 
winter  conditions  must  be  especially  through  and  systematic. 

Control  of  the  quality  of  materials  used  for  constructing  the 
foundation  and  preparing  the  concrete  is  mandatory.  The  moisture  con¬ 
tent  of  the  sand  and  crushed  stone  and  presense  of  frozen  lumps  in 
these  materials  is  checked  systematically. 

The  quality  of  the  pavement  trench  and  foundation  is  checked  by 
the  ordinary  methods  for  compiling  acts  for  filled  over  operations. 
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Pouring  of  concrete  airport  pavements  In  the  winter  tine  with 
addition  of  salt  and  heating  of  the  component  rate rials  has  not  cone 
Into  practical  use  due  to  large  losses  of  heat  in  transporting  and 
placing  of  concrete  In  a  layer  of  moderate  thickness. 

56.  CONTROLLING  THE  QUALITY  OF  WORK 

Obtaining  high  quality  concrete  and  reinforced  concrete  airport 
pavements  requires  thorough  control  of  all  operations,  starting  with 
checking  the  quality  of  materials  supplied  to  the  construction  site 
and,  ending  with  concrete  curing  operations.  The  quality  of  work  Is  con¬ 
trolled  by  the  construction  3lte  laboratory  and  by  quality  control  In* 
spectors  (mutual  cc  krol  between  brigades  and  teams  Is  being  adapted). 

The  following  production  operations  are  subjected  to  mandato 
control  which  Is  reflected  In  acts  for  filled  over  operations  or  In 
control  books: 

flnalsh  grading  and  compacting  of  the  soil  trench; 

const  met  Ion  of  the  foundation,  placing  of  paving  forms  and  tim¬ 
ber  molda; 

production  and  placing  of  reinforcements  when  constructing  rein¬ 
forced  concrete  pavements; 

constructing  the  Joints; 

process  of  preparing  the  concrete  mix  and  the  quality  of  materi¬ 
als  used; 

placing  of  the  concrete  mix  and  finishing  the  pavement  surface; 

curing  the  concrete  and  sealing  the  Joints; 

control  of  the  concrete  strength  of  the  quality  of  the  finished 
pavement. 

The  strength  is  controlled  by  the  construction  site  field  labora¬ 
tory  and  Is  detemlned  by  a  series  of  control  cubes  (20  x  20  x  20  cm) 
and  beams  (15  x  15  x  55  cm)  prepared  simultaneously  with  placing  of  the 
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javeme  •  /  taking  sarplec.  The  prepared  series  of  specimens  Is  tested 
after  different  tine  intervale.  The  number  of  control  specimens  sub¬ 
jected  to  p re part ion  and  testing  is  given  in  Table  32. 

The  control  specimens  are  kept  before  testing  in  a  moist  medium 
tnd  are  then  subjected  to  bending,  compression  and  freezing  resistance 
tests. 

The  state  of  the  pavement  surface  is  checked  by  inspection  in 
which  the  pavement  undulations  are  exposed.  The  faces  of  adjoining  sla 
slabs  should  be  higher  than  one  onother  by  more  than  5  mm.  The  28  day 
concrete  strength  should  correspond  to  specifications:  the  permissible 
strength  deviations  should  not  exceed  10#  on  the  low  side  when  testing 
the  specimens  in  bending  and  not  more  than  5$S  of  the  design  strength 
and  not  more  than  10j5  of  the  design  compressive  strength  [sic j. 

The  following  are  taken  as  the  basis  for  estimating  the  quality  of 
a  finished  concrete  pavement: 

Indicator  No  1.  Strength  of  the  control  specimens  (the  ultimate  strength 
in  bending  and  compression)  and  the  density  of  the  concrete  mix. 
indicator  No  2.  Quality  of  Joint  sealing. 
jidlcater  No  3.  Evenness  of  the  pavement  surface. 

Th  total  estimate  of  the  concrete  pavement  quality  is  given  by 
.ndlealors  No.  1,  2  and  3.  Pavements  satisfying  the  requirements  of  de- 
;ign  and  technical  specifications  are  given  the  following  marks:  "ex- 
:ellent"  when  lnclcators  No  1  and  2  have  been  marked  as  "excellent"  and 
ndlcator  Ho  3  has  been  marked  as  "good";  "good"  when  indicators  No  1 
nd  2  have  been  marked  "good"  and  indicator  No  3  ha3  an  at  least  "sat- 
.sfactory"  rating;  and  "satisfactory"  when  indicators  1,  2  and  %  are 
■at;'.,  as  at  least  "satisfactory''  and  the  pavement  does  not  have  defects 
/hich  r  j.k.  it  Impossible  to  acoept  it.  When  slabs  with  settling  cracks 
ire  r  :v  .s  the  pavement  is  rated  not  higher  than  "satisfactory."  Sett- 
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Mote.  To  control  the  concrete  quality  when  the  airport  pavement  Is 
accepted  for  use  one  additional  series  of  control  specimens,,  which  Is 
stored  for  presenting  ot  the  accepting  commission.  Is  prepared  per 
each  5  series  of  control  specimens  (per  each  1000  meters’  of  concrete 

mix). 

1)  Mhen  and  from  what  concrete  mix  volume  are  control  specimens  taken; 

2)  method  of  storing  the  control  specimens;  3)  number  of  control  speci¬ 
mens;  4)  number  of  control  specimens  subjected  to  tests;  5)  purpose  of 
tests;  o)  7-day  strength;  7)  after  28  days;  8)  for  strength;  9)  for 
frost  resistance;  10)  for  90  days  strength;  11)  of  beams;  12)  of  cubes; 
13)  In  designing  the  concrete  compos  It  Ion  starting  with  the  start  of 
concrete  placing  operations  from  each  concrete  mix  composition;  14) 
laboratory;  15)  for  controlling  the  propre  selection  of  the  concrete 
composition  and  of  the  quality  of  materials;  16)  In  placing  the  con¬ 
crete  mix  from  each  200  meters3  of  concrete  placed  Into  the  pavement; 
17)  for  controlling  the  quality  of  the  placed  concrete. 


ling  cracks.  If  existing  In  individual  slabs,  should  be  treated  by  2-3 
applications  of  bitumen  cutback. 

The  mechanical  method  for  testing  and  controlling  the  quality  of 
concrete  which  was  In  use  up  to  the  present  time  Is  very  labor  consum¬ 
ing  and  results  In  large  concrete  consumption.  Lately  special  Instru¬ 
ments  using  electrical  signal?  and  electronics  have  come  Into  use  for 
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determining  the  concrete  strength  and  controlling  Its  quality.  This 
method  makes  It  possible  to  save  concrete,  accelerate  the  process  of 
control  of  the  quality  of  work  and  to  obtain  more  accurate  results  at 
the  location  In  the  finished  pavement. 

60.  SAFETY  PRECAUTIONS  IN  CONSTRUCTING  CONCRETE  PAVEMENTS 

In  placing  the  concrete  mix  all  the  workers  must  observe  the  move¬ 
ment  of  the  concrete  placing  machines.  The  place  at  which  the  concrete 
placing  machines  work  should  be  fenced  off  by  warning  signs  and  danger 
signals. 

All  electric  tools,  feed  lines,  breakers  and  knife  switches  should 
be  In  proper  working  order. 

Vires  bringing  electric  current  to  vibrators  should  be  placed  in 
rubber  hoses  and  the  housings  of  the  vibrators  should  be  grounded  dur¬ 
ing  operation. 

All  workers  working  with  vibrators  should  wear  rlbber  shoes  and 
gloves. 

All  knife  switches  should  be  placed  In  boxes  and  closed. 

Work  with  ethylene  varnish,  bitumen  and  tar  emulsion,  with  bitu¬ 
men  cutback  and  mastic  In  sealing  of  joints  must  be  performed  in  pro¬ 
tective  clothing  and  gloves. 

Standing  beneath  the  crane  boom  when  dismantling  or  placing  paving 
forms  Is  forbidden. 

Walking  under  the  raised  bucket  of  the  D-181V  spreader  and  enter*, 
lng  the  working  areas  of  all  machines  In  operation  is  forbidden. 

If  vibrators  break  down  their  working  elements  should  be  repaired 
after  the  concrete  mix  is  placed. 

In  working  on  the  moving  bridge  for  sawing  of  Joints  it  Is  for¬ 
bidden  to  switch  on  vibrators  of  vibrating  knives  which  either  hang  or 
are  supported  on  the  rigid  pavement. 
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Gear,  chain  and  belt-and- sheave  transmissions  on  machines  must  be 
covered  by  Jackets. 

Removing  of  screens  and  shields  Installed  on  machines  Is  forbid¬ 
den. 

The  operators  may  not  leave  the  machines  with  the  engines  working. 

Lightning  of  all  concrete  placing  machines  and  the  entire  work 
section  during  the  night  must  be  ensured. 

After  termination  of  work  all  working  elements  of  the  concrete 
placing  machines  should  be  cleaned  an  placed  In  the  road  position. 

Xn  placing  of  concrete  mix  containing  salts  with  higher  electrical 
conductivity  particular  care  must  be  taken  that  the  cables  feeding  pow¬ 
er  to  the  mechanisms  be  properly  Insulated  and  undamaged. 

Workers  charged  with  placing  the  concrete  mix  under  subzero  tem¬ 
peratures  should  be  provided  with  warn  working  clothing  and  trained  In 
safety  rules  for  working  with  electrical  tools  In  the  winter  time. 

When  performing  work  In  the  winter  time  safety  rules  and  fire  pre¬ 
vention  measures  must  be  strictly  observed. 

The  distance  between  the  concrete  placing  and  concrete  finishing 
machines  working  together  should  not  be  less  than  10  meters.  The  ser¬ 
vicing  personnel  Is  forbidden  to  stop  the  machines  or  to  stand  between 
them. 

Placing  of  reinforcing  cages  near  current  carrying  wires  is  pro¬ 
hibited. 

When  not  working  all  the  machines  of  equipment  of  the  set  of  con¬ 
crete  placing  machines  should  be  In  a  position  which  makes  Impossible 
starting  then  up  by  outsiders,  for  which  purpose  the  starting  devli  .s 
should  be  switched  off  and  locked  up. 

61.  ORGANIZING  THE  WORK 

Organization  of  operations  for  the  construction  of  concrete  and 


reinforced  concrete  airport  pavements  differs  substantially  from  or¬ 
ganizing  the  construction  of  similar  road  pavements.  These  pavements 
are  constructed  by  pouring  of  parallel  concrete  strips,  which  by  ad¬ 
joining  one  another  form  runway,  taxiway  and  or  apron  pavements. 

Construction  of  the  concrete  pavement  In  airport  construction  Is 
the  main  flow  to  which  many  other  auxiliary  flows  are  subordinated. 

The  concrete  pouring  scheme,  on  which  the  productivity  of  the  con¬ 
crete  placing  machines  set  and  the  quality  of  the  finished  pavement  de¬ 
pend  to  alrge  extent,  serves  as  the  basis  of  organizing  the  work  In 
constructing  concrete  pavements. 

Two  main  concrete  pouring  schemes  -  the  longitudinal  and  longi¬ 
tudinal-section  (Pig.  105)  are  used  In  constructing  concrete  pavements 
by  the  set  of  concrete  placing  machines. 

In  the  longitudinal  pouring  scheme,  which  Is  considered  more  ra¬ 
tional,  the  concrete  Is  placed  over  sections  of  considerable  length 
reaching  the  entire  length  of  runways  or  group  aprons.  In  this  case 
the  number  of  moves  made  by  the  set  of  machines  from  one  row  to  an¬ 
other  Is  decreased,  which  results  in  decreasing  work  Interruptions  and 
Increasing  the  productivity  of  all  the  brigades  In  the  section. 

Concrete  may  be  poured  by  the  longitudinal  system  with  develop¬ 
ing  the  work  from  the  middle  to  the  edges,  from  one  edge  to  another 
or  from  the  edges  to  the  middle. 

The  longitudinal  concrete  pouring  scheme  improves  conditions  for 
trucking  In  the  concrete  over  previously  placed  slab  rows,  and  also 
the  operational  readiness  of  the  pavement  (if  necessary)  for  airport 
traffic. 

The  longitudinal  concrete  pouring  scheme  Is  used  with  a  subpave¬ 
ment  trench  and  foundation  constructed  over  the  entire  length  of  the 
pavement  under  construction. 
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The  longitudinal-section  concrete  pouring  scheme  Is  used  when 
the  construction  of  the  trencn  entails  a  large  volume  of  concentrated 
earth  moving  operations  with  respect  to  filling  of  filling  of  fills 
and  quarrying  of  cuts  with  transverse  displacement  of  soil.  However, 

If  at  all  possible.  It  Is  necessary  In  this  case  to  make  the  length  of 
the  sections  as  long  as  possible,  but  not  less  than  that  minimally 
passible,  which  will  to  a  large  extent  p remote  decreasing  unproductive 
downtime  of  the  set  of  machines.  The  minimal  permissible  length  of  a 
section  will  be  such  for  which  the  concrete  strength  In  previously 
placed  slabs  can  Increase  to  an  indicator  allowing  the  passage  of  con¬ 
crete  placing  machines  over  these  slabs. 

The  minimally  allowable  section  length  Is  detemlned  by  the  for¬ 
mula 

where  Is  the  minimally  allowable  section  length,  meters;  Is 
the  dally  productivity  of  the  concrete  placing  machines,  meters^/day; 
c  Is  the  time  required.  In  days,  for  the  concrete  strength  to  Increase 
to  Indicators  ensuring  the  passage  of  machines  (c  Is  taken  from  Table 
33) J  a  Is  the  width  of  one  row  of  slabs,  metera  and  X  Is  the  number  of 
leading  rows  of  slabs. 

TABLE  33 
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ing  which  the  concrete  placing  machines  are 
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In  motion  and  the  denominator  elves  the 
same  for  the  truck. 

l)  Above  zero  air  temperature,  degrees;  2)  concrete  brand  (in  bend¬ 
ing);  3)  average  time  after  which  traffic  or  concrete  placing  machines 
and  trucks  over  the  placed  pavement  Is  permitted,  days. 


Pig.  105.  Longitudinal- sect  Ion  scheme  of  concrete  Dourlng.  a)  short 
section;  b)  long  section;  A)  twin- flange  wheels;  B)  replacing  the  left 
side  wheels  by  smooth  wheels ;  C)  wheels  on  both  sides  are  smooth;  D) 
leading  row;  E)  closing  row;  P)  meters;  G)  replacing  the  right  side 
wheels  by  smooth  wheels. 


The  leading  rows  (see  Pig.  105)  are  placed  first  and  are  used  as 
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Note.  In  addition  to  the  enumerated  workere  the  team  also  contains 
anT electric lan  ,nd  mechanic. 

1)  Section  numbers;  2)  composition  of  work  at  the  section;  3)  final 
grading  of  the  trench;  3a)  constructing  the  sand  base  layer,  trucking 
In  the  sand,  spreading  It  and  roughly  compacting  It;  4)  placing  of  pav¬ 
ing  forms  according  to  data  of  Instrument  setting  out:  5;  final  grad¬ 
ing,  sprinkling  and  compacting  of  the  sand  layer,  spreading  of  paper, 
placing  reinforcements  and  temperature  Joint  spacers;  spreading  the 
concrete,  compacting  It  and  finishing  the  pavement  surface;  sawing  of 
temperature  Joints  and  sealing  them  by  bitumen  mastic,  applying  bitu¬ 
men  emulsion  to  the  pavement  or  covering  It  with  sand;  6)  removing  the 
paving  forms  and  filling  the  edges  of  the  concrete  pavement  by  sand; 

7)  finished  pavement  strip;  8)  PI-1-8;  9)  KAZ-600;  10)  ZIL-585;  11)D; 

12J  one  D-315  general  purpose  bulldozer;  13)  one  K-32  truck  crane; 

14)  one  D-345  subgrader;  15)  one  D-375  concrete  spreader;  16)  one  D- 
377  machine  for  sawing  and  sealing  of  Joints;  17)  one  machine  for 
applying  emulsion  and  covering  the  concrete  by  a  thin  sand  layer;  18) 
mechanization  facilities;  19)  one  D-219  pneumatic  tired  roller  with 
OT-54  tractor  or  self-propelled  L-365  pneumatic  tired  roller;  20)  one 
MTZ-2  tractor  with  trailer;  21)  one  PIi-8  sprinkling  machine;  22)  one 
J>-376  concrete  finisher;  23)  6  auxiliary  workers  for  finishing  Joints 
and  pavement  edges;  24)  2  workers  for  removing  paving  forms  and  cover¬ 
ing  the  pavement  with  sand;  25)  ZIL-585  dump  trucks  (amount  obtained 
by  calculation);  26)  6  workers  for  placing  and  fastening  of  paving 
forms ;  27)  2  auxiliary  workers  for  servicing  the  D-345  machine;  28) 

|  KAZ-600  dump  trucks;  29)  2  auxiliary  workers;  30)  2  workers  for  com- 
I  pactlng  the  sand  under  paving  fonts  by  EShP-3  electrical  swaggers ; 
i  31)  4  workers  for  spreading  of  paper,  placing  of  reinforcements.  Joint 
I  spacers,  bending  of  longitudinal  Jiortt  dowels  and  lubricating  the 
|  paving  forms;  32)  2  auxiliary  workers  for  cleaning  dump  truck  bodies; 
33)  ZhES  45  portable  electric  generator. 


guiding  strips. 

The  most  efficient  concrete  pouring  scheme  is  with  one  leading 
strip  and  proceeding  from  the  middle  to  the  edges  of  the  runway.  The 
concrete  is  placed  by  the  set  of  concrete  placing  machines  by  an  In¬ 
tegrated  brigade.  The  brigade’s  composition  depends  on  the  pavement 
thickness,  the  slab  dimensions  and  on  the  pavement  type  and  varies, 
for  mechanized  concrete  placing,  between  36  and  43  workers.  The  orga¬ 
nization  of  the  flow  In  constructing  a  concrete  pavement  by  a  set  of 

I*  concrete  placing  machines  is  shown  In  Fig.  106.  The  productivity  of 
the  Integrated  brigade  Is  up  to  250  linear  meters  of  pavement  per 
shift. 


Fig.  107.  Paving  Poms  and  the  movement  of 
wheels  of  machines  for  constructing  cement 
concrete  pavements,  a)  Motion  over  paving 
forms;  b)  motion  over  finished  slab;  c) 
motion  over  finished  slabs. 

Concrete  is  poured  into  leading,  interned late  and  closing  strips 
with  the  wheels  of  concrete  placing  machines  in  different  combinations: 

In  pouring  concrete  into  leading  strips  the  wheels  from  both 
sides  move  over  the  paving  forms  (Pig.  107a) ; 

In  pouring  concrete  Into  intermediate  and  edge  strips  the  wheels 
at  one  side  move  over  the  paving  forms,  while  at  the  other  side  they 
move  over  hardened  concrete  of  the  previously  poured  leading  or  inter¬ 
mediate  strip  (Fig.  107b); 

in  pouring  concrete  into  closing  strips  the  wheels  on  both  sides 
move  over  hardened  concrete  of  two  neighboring  intermediate  strips 
(Pig.  107c). 
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As  was  shown  by  experience,  it  Is  difficult  to  obtain  rcctalinear 
motion  when  wheels  move  over  the  hardened  pavement,  which  has  a  nega¬ 
tive  effect  on  the  quality  of  compacting  the  concrete  mix. 

The  smallest  possible  number  of  leading  strips  should  be  con¬ 
structed  In  the  longitudinal  and  longltudlnal-sectlon  concrete  pour¬ 
ing  schemes. 
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Chapter  8 

CONSTRUCT! NO  MONOLITHIC  PRESTRESSED  PAVEMENTS 
62.  GENERAL  CHARACTERISTIC  AND  KINDS  OF  PRESTRESSED  REINFORCEMENT 

In  nonrelnforced  concrete  of  airport  pavements  cracks  appear  with 
time  under  the  action  of  loads  and  atmospheric  factors.  Up  to  recently 
these  were  eliminated  by  constructing  pavements  <*rcm  small  slabs,  us¬ 
ing  ordinary  slab  reinforcement  and  rigid  foundations.  However,  all 
these  measures  result  In  large  consumption  of  concrete  and  reinforce¬ 
ment  steel  and,  due  to  large  Joint  lengths,  lower  the  operational  in¬ 
dicators  of  concrete  pavements. 

In  the  last  few  years  the  quality  of  reinforced  concrete  airport 
pavements  In  our  country  and  abroad  is  being  Improved  by  prestressing 
the  reinforced  concrete  pavements. 

Frestressed  reinforced  concrete  pavements,  depending  on  the  amount 
of  compression,  can  without  cracking  up  sustain  tensile  stresses  ex¬ 
ceeding  by  several  fold  those  that  can  be  taken  by  ordinary  not  pre¬ 
stressed  reinforced  concrete  pavements  of  the  same  thickness.  Even 
after  large  temporary  overloads  the  carrying  capacity  of  prestressed 
pavements  is  restored  and  the  cracks  which  do  appear  close  up. 

All  these  positive  qualities  make  it  possible  to  construct  rein¬ 
forced  concrete  pavements  from  large  slabs,  to  decrease  the  number  of 
Joints  and  the  pavement  thickness  and  to  decrease  the  metal  consump¬ 
tion  by  a  factor  of  2-3  and  of  concrete  by  up  to  30 & 

The  adaption  of  prestressed  reinforced  concrete  requires  the  so¬ 
lution  of  two  basic  problems: 
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1.  In  order  to  decrease  settling  and  creep  of  the  concrete  it  Is 
necessary  to  use  dense  stiff  mixes  with  a  water -cement  ratio  of  0.3- 
0.45  and  with  a  bending  strength  not  lower  than  50  kg/cm2,  since  ordi¬ 
nary  porous  concretes  when  subjected  to  stresses  give  large  plastic 
contractions  over  the  pavement  length. 

For  this  reason,  when  using  porous  concrete,  the  prestressed  rods 
are  relieved  of  their  stresses  and  the  precompression  of  the  pavements 
can  disappear  entirely. 

Stiff  concrete  mixes  should  not  be  produced  at  ordinary  concrete 
plants  with  Intermittent  action  concrete  mixers  with  free  intermixing, 
but  In  continuous  action  mixers  with  forced  reverse  flow  Intermixing. 

2.  High  strength  wire  with  diameters  from  2.5  to  8  nan  with  an  ul¬ 
timate  strength  of  over  10,000  kg/cm2  should  be  used  as  the  reinforce¬ 
ments  subject  to  pres t res sing  (Table  34). 
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a)  Kind  of  reinforcements;  b)  wire  diameter,  nan; 
c)  nominal  resistance  of  the  reinforcements,  kg/ 
/cn£;  d)  high-strength,  cold-drawn  steel  wire:; 
e)  round  carbon  according  to  GOST  7348-55;  f) 
periodic  profile  carbon  according  to  GOST  84oO- 
57. 


This  high  strength  steel  wire  has  an  elastic  effect,  stretches  in 
tension  to  lengths  exceeding  several  fold  those  of  the  subsequent 
plastic  shrinkage  of  the  concrete  upon  compression  and  setting.  The 
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higher  the  strength  of  reinforcements  used,  the  less  concrete  and 
steel  Is  needed  for  compensating  the  prestressing  losses. 

The  use  of  high-strength  stiff  concrete  mixes  which  settle  and 
creep  only  slightly,  and  the  use  of  high  strength  steel  with  high 
elongation  qualities  are  thus  the  basic  necessary  conditions  for  ef¬ 
ficient  use  of  prestressed  reinforced  airport  reinforced  concrete. 

A  distinction  is  made  between  stressing  the  reinforcements  before 
and  after  concrete  pouring  on  the  basis  of  the  time  at  which  the  force 
is  applied. 

In  stressing  before  pouring  the  reinforcements,  in  the  shape  of 
steel  wire,  are  stressed  up  to  7056  of  the  ultimate  strength  and  then 
the  concrete  is  poured.  When  the  concrete  hardens  and  acquires  the  de¬ 
sign  strength,  the  reinforcements  at  the  ends  and  in  the  Joints  are 
cut  and  the  prestressing  is  transferred  to  the  concrete.  In  this  case 
the  loss  of  tension  due  to  friction  between  the  wire  and  the  concrete 
Is  eliminated,  complete  coupling  of  the  wire  over  the  entire  length 
without  mutual  slip  is  ensured  and  favorable  conditions  are  created 
for  protecting  the  reinforcements  from  corrosion. 

In  stressing  after  pouring  the  concrete  the  reinforcements,  in 
the  form  of  bundles,  slide  in  the  longitudinal  direction  over  channels 
inside  the  concrete  body  without  coupling  with  it.  After  stressing  the 
reinforcements  are  anchored  at  the  ends,  and  the  prestressing  is 
transferred  to  the  pavements.  To  maintain  the  design  stress  after  the 
concrete  sets  the  stretching  can  be  repeated.  After  restretching,  the 
reinforcements  and  the  concrete  can  be  coupled  by  filling  the  channel 
with  cement  grout  under  pressure. 

In  creating  of  stresses  after  the  pavement  concrete  is  poured  a 
large  amount  of  force  is  lost  due  to  friction  between  the  reinforce¬ 
ments  and  the  concrete  and  work  for  corrosion  protection  is  more  com- 
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plicated.  In  addition*  the  engineering  process  for  pavement  construc¬ 
tion  with  stressing  after  concrete  pouring  does  not  lend  Itself  to  In¬ 
tegrated  mechanization  and  many  operations  are  performed  manually.  For 
this  reason  at  the  present  stage  of  design  solutions  pavements  with 
stressing  of  reinforcement  bundles  after  concrete  pouring  are  not  wide¬ 
ly  used  and  will  not  be  discussed  In  detail. 

63.  CONSTRUCTING  PAVEMENTS  WITH  STRESSING  THE  LONGITUDINAL  REINFORCE¬ 
MENTS  BEFORE  CONCRETE  POURING 

Prestressed  reinforcement  of  monolithic  reinforced  concrete  pave¬ 
ments  In  the  longitudinal  direction  Is  performed  by  using  high-strength 
wire  placed  by  the  mechanized  method  (Fig.  108). 

For  concrete  pouring  purposes  the  pavement  is  broken  up  Into  sec¬ 
tions  500 -1000  meters  long  with  rows,  as  a  rule,  7  meters  wide.  The 
ends  of  the  sections  are  conventionally  designated  as  follows:  section 
end  A  and  section  end  B  (Fig.  109).  The  anchor  slabs  are  constructed 
before  and  the  longitudinal  wire  reinforcements  are  fastened  to  them 
by  special  standard  fasteners  for  the  entire  duration  of  stressing  and 
concrete  hardening.  The  anchor  slabs  are  subsequently  used  as  finished 
sections  of  the  pavement. 

The  stressing  of  the  longitudinal  reinforcements  can  be  checked 
by  the  design  force  or  by  the  design  elongation  in  each  bar. 

The  flow  for  constructing  pavements  with  prestressing  by  longi¬ 
tudinal  working  reinforcements  consists  of  the  following  operations: 
final  grading  and  rolling  of  the  trench  bottom; 
constructing  anchor  and  base  3labs, 
constructing  the  artificial  foundation; 
preparing  the  wires  for  placing; 
spreading  the  longitudinal  wires; 
stressing  the  wires; 
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pouring  concrete  for  the  pavement  In  the  section  by  rows  with 
placing  of  transverse  nonstressed  reinforcements; 

•awing  of  longitudinal  Joints; 
curing  the  concrete; 

cutting  the  wire  reinforcements  at  the  ends  and  In  transverse 
Joints; 

constructing  the  Joints. 


forcement  placing  machine  during  spreading 
of  the  wires. 

All  the  enumerated  processes  are  performed  by  the  rapid  flow  meth 
od  by  a  special  set  of  machines  and  equipment  which  include  machines 
for  rewinding  the  wires,  a  set  of  Installation  equipment  for  fastening 
the  longitudinal  wire  reinforcements,  stretching  facilities,  placing 
machine,  moving  chaser  for  keeping  the  longitudinal  reinforcements  In 
the  design  position  during  concrete  pouring,  spring  dynamometers  for 
checking  the  stress  in  the  wire  reinforcements  (see  Pig.  109),  wtc. 

Constructing  the  anchor  and  base  slabs.  Reinforced  concrete  an¬ 
chor  slabs  are  constructed  ahead  of  time.  The  cross  sectional  dimen¬ 
sions  of  anchor  slabs  (Pig.  110)  are  specified  by  strength  calcula¬ 
tions  and  their  length  Is  the  same  as  the  width  of  the  runway,  taxiway 

-  334  - 


or  apron  pavement  being  constructed.  Channels  for  anchor  pullrods  are 
constructed  by  placing  wooden  through  boxes  with  a  hole  of  15  x  15  cm. 
The  elevations  of  the  anchor  slab  surfaces  should  conform  to  the  des¬ 
ing  elevations  of  the  pavement. 

Another  slabs  are  a  part  of  the  reinforced  concrete  pavement  with 
ordinary,  unstressed  reinforcement.  On  heavy  heaving  grounds  the  an¬ 
chor  slabs  are  placed  on  draining  foundations  with  the  trench  provided 
with  water  drainage.  Base  slabs  are  constructed  at  the  points  where 
transverse  joints  are  situated  in  order  to  reinforce  them  (Pig.  111). 
The  elevations  of  base  slabs  should  conform  to  the  elevations  of  the 
pavement  foundation,  lhe  base  slabs  are  poured  in  a  continuous  manner, 
without  constructing  Joints. 

When  pouring  concrete  at  the  middle  of  the  base  slab,  wooden  stop¬ 
pers  16  ran  in  diameter  wrapped  in  roofing  tar  paper  are  placed  each 
1.5  meter3  of  its  width.  In  order  to  produce  through  holes  used  subse¬ 
quently  for  fastening  a  wooden  spacer  serving  as  a  mold' for  joints,  if" 
the  thickness  of  the  reinforced  concrete  pavement  is  less  than  the 
standard  height  of  the  paving  forms,  then  in  pouring  of  base  slabs 
provisions  should  be  made  for  depressions  equal  to  the  difference  be¬ 
tween  the  height  of  the  paving  forms  and  the  pavement  thickness,  whose 
width  Is  by  5  cm  wider  than  the  base  of  the  paving  forms,  and  the  po¬ 
sition  of  these  depressions  should  conform  to  the  assumed  concrete 
pouring  scheme. 

The  monolithic  versions  of  anchor  and  base  slabs  elaborated  in 
our  country  do  not  lend  themselves  to  integrated  mechanization  In 
their  construction,  l.e. ,  practically  all  the  operations  are  performed 
manually:  placing  the  reinforcements,  concrete  pouring,  constructing 
channels  in  the  anchor  slabs  and  holes  in  the  base  slabs,  and  the 
slabs  must  be  aged  for  a  long  time,  which  does  not  satisfy  requirements 
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of  flow  production  of  reinforced  concrete  pavements.  In  the  present 
day  stage  of  the  development  of  the  construction  Industry  it  is  possi¬ 
ble  and  expedient  to  construct  anchor  and  base  slabs  from  prefabri¬ 
cated  elements  which  would  be  made  monolithic  by  butt  Joining  by  weld¬ 
ing  and  expansion  cement. 

Preparing  and  placing  the  longitudinal  wire  reinforcements.  The 
wire  reinforcements  are  prepared  for  spreading  at  the  preparatory 
works  area  and  this  operation  consists  of  cleaning  and  rewinding  the 
reinforcements  from  the  plant  bundle  onto  the  reels  of  the  reinforce¬ 
ment  placing  machine. 

The  reinforcements  yard  has  a  shed  for  storing  the  reinforcements 
and  a  machine  for  winding  It  (Fig.  112).  The  required  length  of  wire 
Is  measured  during  rewinding  by  a  special  counting  mechanism.  The  meas¬ 
ured  wire  should  be  slightly  mor-1  than  twice  the  length  of  the  poured 
section.  The  wire  is  cleaned  of  rust  and  lubricants  by  pulling  it 
through  dry  washed  sand  when  winding  it  onto  the  reels.  The  sand  is 
replaced  after  winding  of  one  set  of  reels. 

The  placing  of  the  longitudinal  reinforcements  should  be  preceded 
by  construction  of  the  sand  foundation,  placing  of  paving  forms,  cov¬ 
ering  the  foundation  with  waterresistant  paper  and  by  placement  on 
concrete  supports  of  lower  transverse  assemblying  bars  for  maintaining 
the  longitudinal  working  wire  reinforcements  at  the  design  height. 

The  longitudinal  reinforcements  are  placed  before  pouring  by  a 
self-propelled  reinforcements  placing  machine  by  passing  the  section 
in  both  directions.  The  lower  layer  Is  placed  when  moving  In  one  di¬ 
rection  and  the  second  is  laid  on  the  return  trip.  The  machine  moves 
over  paving  forms  or  over  the  edges  of  a  poured  pavement.  In  order  to 
prevent  Inertia  unwinding  and  to  create  the  necessary  stress  In  each 
wire  (3-10  kg),  the  reels  are  provided  with  friction  brakes.  The  wires 


.1 

Fig.  109*  Arrangement  of  equipment  for  stretching  the  wires,  a)  By  the 
controlled  elongation  method;  b)  by  the  controlled  force  method;  c) 
scheme  of  placing  reinforcement  wires  by  the  AM -6 3  machine  when 
stretching  Is  performed  by  the  controlled  elongation  method.  I)  First 
pass  (placing  of  lower  layer  wires  from  end  A  to  end  B);  II)  placing 
of  slab  beams  on  the  wires;  III)  second  pass  (placing  of  upper  layer 
wires);  1)  anchor  pullrod;  2)  connecting  link;  3)  pullrod  (short);  4) 
permanent  anchor  beam;  5)  tapered  anchor  sleeve;  6)  end  molds;  7)  beam 
slab;  8)  dowel;  9)  working  pullrod;  10)  thrust  beam;  ll)  base  slab; 

12)  fixed  compound  pulley  frame;  13)  moving  compound  pulley  frame;  14) 
installation  pullrods;  15)  loop;  lo)  anchor  slab;  17)  wooden  mold 
section;  18)  upper  distributing  molding;  19)  reel;  A)  anchor  plate;  B) 
end  A;  C)  end  B;  D)  before  stretching;  E)  during  stretching;  F)  after 
stretching;  0)  to  stretching  equipment. 
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from  all  reels  are  placed  from  the  bottom  of  the  machine  through  guid¬ 
ing  rolls.  The  maximal  number  of  wires  placed  in  one  pass  simultaneous¬ 
ly  should  not  exceed  100  for  wire  diameters  of  4  mm  and  308  for  mire 
diameters  of  3  mm. 


Fig.  110.  Design  of  a  7  meter  wide 
anchor  slab.  1)  Anchor  pullrod:  2) 
support  shoe;  3)  anchor  slab;  4) 
dowel;  A)  meters. 


Fig.  111.  Design  of  a  transverse  Joint,  l)  Base 
slab;  2)  and  \)  transverse  upper  and  lower  rein¬ 
forcements:  4)  filler  (asphaltic  concrete  ox 
mastic);  3)  high-strength  longitudinal  wire  rein¬ 
forcements;  6)  foundation. 

Prior  to  placing  the  wire  the  machine  is  positioned  at  end  A  and 
is  provided  with  reels  of  wire.  Fixed  tapered  anchor  beams  are  placed 
at  end  A  and  fastened  to  the  anchor  slab,  and  thrust  beams  are  placed 
and  fastened  to  the  anchor  plate  at  end  B  (see  Fig.  109).  The  lower 
molding  boards  are  placed  on  the  base  slabs.  The  wire  ends  are,  in 
pairs,  passed  through  the  distributing  molds  and  fastened  to  the  fixed 
anchor  beams  in  the  lower  row  by  tapers  and  sleeves. 
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Fig.  112.  Machine  for  Minding  of  wire  onto  the  reels,  l)  Shaft;  2) 
rotor;  3)  reel;  4)  bracket -supported  drum;  5)  shaft -supported  drum;  6) 
bolt;  7j  removable  pipe;  8)  hings;  9)  reducing  gear;  10)  electric  mo¬ 
tor;  ll)  sand. 

Before  the  machine  starts  to  move  the  Mire  is  distributed  into 
slits  of  the  extreme  Mooden  molding  and  Is  kept  in  this  position  by 
placing  the  middle  mold  boards,  fastened  Mlth  nails. 

After  all  the  Mires  are  fastened  the  machine  moves  over  the  pav¬ 
ing  forms  to  end  B  and  places  the  lover  layer  of  the  vorking  reinforc¬ 
ing  Mire.  When  the  machine  places  the  next  distributing  mold  it  stops, 
the  Mire  is  placed  in  the  slits  of  the  lONer  board  and  is  kept  there 
permanently  by  placing  and  nailing  of  the  middle  boards  of  the  molding. 

When  the  machine  reaches  end  B  it  stops  past  the  extreme  mold 
board  and  block  beams  fastened  to  the  Installation  pullrods  are  placed 
on  the  vires.  When  the  reinforcement  placing  machine  moves  in  the  re¬ 
verse  direction  the  upper  layer  of  Mires  is  placed  in  the  same  manner. 

The  reinforcements  are  fastened  to  the  block  beams  at  end  B  by  Minding 
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wire  o-'er  then.  The  upper  layer  of  wires  Is  held  In  the  silts  of  each 
■old  by  placing  the  upper  board. 

The  wires  of  the  upper  layer  are  fastened  at  end  A  in  permanent 
anchor  beams  by  tapered  sleeves  and  are  cut  off  from  the  reels.  The 
reinforcement  placing  machine  moves  away  from  the  section.  In  order  to 
ensure  stability  of  the  guiding  molds  during  the  stretching  of  wires 
they  are  fastened  to  base  slabs  by  dowels  and  wire  splices. 

Stretching  the  longitudinal  wire  reinforcements.  Stretching  by 
the  controlled  stress  method  Is  used  for  wire  diameters  lower  than  4 
mm  with  anchoring  of  one  piece  In  one  sleeve.  The  reinforcements  are 
tensioned  by  moving  the  movable  block  beams  through  a  specified  design 
distance  whereupon  the  Installation  pullrods  are  replaced  by  working 
pullrods  to  which  the  block  beams  must  be  moved.  The  stretching  pull- 
rods  are  produced  at  the  site. 

The  distance  through  which  the  block  beams  are  moved  is  calcu¬ 
lated  by  the  given  design  stress  In  the  wire  and  by  the  section  length: 

where  ^  Is  the  required  moving  distance,  cm;  L  Is  the  section  length, 
cm;  0  Is  the  wire  stress  specified  by  design;  E  is  the  modulus  of 

o 

elasticity  for  steel,  kg/cm  and  is  the  additional  technological 
elongation,  cm. 

The  length  of  the  Installation  pullrods  is  determined  as  the  sum 
of  the  length  of  the  working  pullrod  (250  cm)  and  the  required  dis¬ 
placement  distance.  Before  tensioning  the  longitudinal  reinforcements 
by  the  controlled  elongation  method  the  slacks  are  taken  up  in  each 
wire  by  the  following  forces:  up  to  10  kg  for  wire  with  diameters  of  3 
mm  and  up  to  17  kg  for  wire  4  mm  in  diameter.  The  wires  are  stretched 
manually  for  taking  up  the  slack  by  using  a  dynamometer. 

The  main  tensioning  of  the  wire  reinforcements  is  performed  in 
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the  folloqlng  sequence.  The  moving  and  fixed  compound  pully  frames  are 
fastened  to  the  free  links  of  the  block  beam  and  the  thrust  beam.  The 
installation  pullrods  are  removed  and  are  replaced  by  two  working  pull 
rods  fastened  to  the  thrust  frame.  The  block  beam  is  moved  in  the  di¬ 
rection  of  the  thrust  beam  by  a  winch.  Jack  or  by  a  powerful  tractor 
through  a  compound  pulley.  The  wires  are  tensioned  in  several  passes 
with  noderate  stops  of  2-3  minutes  in  order  to  allow  distribution  of 
Internal  stresses  in  the  wire.  All  the  signal  during  tensionsing  are 
made  by  conventlal  signs  or  by  telephone  by  the  operational  chief.  Aft 
er  the  design  tension  has  been  obtained,  the  working  pullrods  are 
fastened  and  the  compound  pulley  is  disconnected.  The  tension  in  each 
wire  Is  checked  by  a  dynamometer.  Deviations  from  the  design  tension 
must  be  kept  within  the  limits  of  +  10$S.  The  wire  is  tensioned  by  con¬ 
trolled  tension  method  in  groups  of  four  wires  by  an  electric  winch 
with  a  dynamometer  and  a  system  of  pulleys  (Pig.  113)*  The  wires  are 
stretched  with  two  stops  of  2  minutes  [each]:  the  first  stop  is  made 
after  reaching  70$$  of  the  design  tension  and  the  second  is  made  after 
reaching  90$$  of  the  design  tension,  after  tensioning  the  wires  are 
fixed  in  anchor  sleeves. 

Pouring  the  pavement.  After  the  longitudinal  wire  reinforcements 
are  tensioned  the  pavement  i3  poured  by  a  set  of  D-l8lV  or  D-375  con¬ 
crete  placing  machines.  The  concrete  pouring  scheme  is  arranged  with 
the  smallest  number  of  adjacent  rows  to  be  poured.  When  pouring  by  the 
D-l8lV  machine  the  transverse  reinforcing  rods  are  placed  on  the  upper 
tensioned  wire  from  the  concrete  spreader  and  they  are  held  in  the  de¬ 
sign  position  by  portable  guiding  mold3  which  are  removed  after  the 
machines  passes  (Pig.  114).  The  bars  of  the  lower  transverse  working 
reinforcement  are  placed  over  the  lower  tensioned  wire  before  the  con¬ 
crete  is  poured  and  are  held  in  the  design  position  by  tying  them  to 
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the  longitudinal  wires  by  thin  annealed  wires.  The  lower  reinforcements 
In  this  case  are  maintained  at . the  design  height  by  special  installa¬ 
tion  bars  placed  every  3*4  meters  on  concrete  supports.  In  the  concrete 
spreading  process  the  design  position  of  all  the  reinforcements  must  be 
strictly  controlled.  It  was  discovered  that  the  leading  rollers  of  the 
D-l8l  concrete  placer  skid  when  moving  with  a  portable  guiding  mold. 

For  this  reason  the  forward  and  rear  axles  of  the  machine  must  be  con- 


Fig.  113-  Scheme  for  pretensioning  of  wires  by  a  driven  winch,  a)  Is 
the  general  view;  b)  is  the  tensioning  arrangement,  l)  Switch;  2; 
electric  motor;  3)  chain  drive;  4)  single  drum  winch;  5)  removable 
winch  handle;  6)  dynamometer;  7)  upper  pulley;  8)  support;  9)  guiding 
pulleys;  10)  rotating  pulley;  11)  frame  with  pulleys;  12)  balancing 
pulleys;  13;  holding  devices;  14}  wire  being  tensioned;  15)  fastening 
cable;  16)  frame;  17)  fencing;  18)  immovable  anchor  beam;  19)  anchor 
slab. 


nected  by  a  chain  transmission.  If  work  i3  performed  by  the  D-375  ma¬ 
chine  (Fig.  115)#  then  the  main  reinforcement  bars  are  placed  on  the 
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Fig.  114.  Scheme  of  placing  reinforcement  bars  and  movable  guiding 
molds  In  pouring  a  pavement  by  a  machine  such  as  D-l8lV.  1)  Reinforce¬ 
ment  bars  on  the  top  layer  of  the  reinforcement  wires;  2)  rolling  sus¬ 
pensions;  3)  D-l8lV  machine;  4)  movable  guiding  mold;  5)  reinforcement 
bar  supporting  the  lower  layer  of  reinforcement  wires;  6)  concrete 
support;  l)  placing  of  renforcement  bars  and  movable  guiding  molds;  II) 
removing  the  movable  guiding  molds. 


wires  ahead  of  the  concrete  placing  machine  and  are  held  by  mcvable 
guiding  molds  which  are  removed  after  the  machine  has  passed.  After 
the  concrete  Is  spread  the  D-182V  (D— 376)  vibrational  finishing  machine 
begins  its  work.  If  the  design  provides  for  the  construction  of  a  lon¬ 
gitudinal  dummy  Joint,  then  the  transverse  reinforcement  Is  constructed 
from  short  bars  with  10  cm  gaps  in  the  middle  of  the  concrete  pouring 
row.  In  this  case  the  longitudinal  Joint  is  sawed  by  the  D-195V  (D-377) 
Joint  sawing  machine  or,  8-20  hours  after  the  concrete  was  poured,  by 
the  0^32  machine.  The  Joints  are  sealed  and  the  concrete  is  cured  in 
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accordance  with  applicable  engineering  rules 


Pig.  115.  Scheme  of  placing  reinforcement  bars  and  movable  guiding 
molds  when  using  the  D-375  concrete  placing  machine,  l)  Reinforcement 
bars  on  the  top  layer  of  the  reinforcement  wires;  2)  reinforcement  bar 
supporting  the  upper  layer  of  wires;  3)  concrete  placer;  4)  movable 
guiding  mold;  5)  reinforcement  bar  supporting  the  lower  layer  of  wires; 
6)  and  7)  concrete  support;  I)  placing  of  reinforcement  bars  and  mova¬ 
ble  guiding  molds;  II;  removing  the  movable  guiding  molds. 


64.  CONSTRUCTING  PAVEMENTS  WITH  POSTTENSIONING  OP  BUNDLE  REINFORCEMENTS 
In  this  type  of  pavement  the  prestress  in  the  concrete  slabs  is 
created  in  one  or  both  directions  by  using  bundle  reinforcements  placed 
over  the  neutral  layer  of  the  slabs  and  tensioned  after  the  concrete 
has  achieved  not  less  than  70J6  of  its  design  strength.  The  reinforce¬ 
ment  bundles  (Pig.  116)  are  produced  from  smooth  high-strength  wire  up 
to  5  ran  in  cross  section.  The  number  of  wires  in  a  bundle  and  their 
diameter  are  determined  by  design. 

In  order  to  prevent  binding  with  the  surrounding  concrete  the 
bundle  reinforcements  are  encased  in  metal  Jackets  or  wrapped  by  sever¬ 
al  layer  of  parchment. 

The  ends  of  the  bundles  are  held  by  anchor  stays  with  tapered  in¬ 
serts,  designed  for  the  use  of  twin-action  Jacks. 

The  following  processes  make  up  the  operations  of  constructing 
prestressed  concrete  pavements  with  bundle  reinforcements! 
constructing  the  trench; 

constructing  bearing  slab3  and  intermediate  support  slabs; 
constructing  the  foundation; 
producing  the  reinforcement  bundles; 

placing  of  paving  forms  for  pouring  of  the  primary  rows; 
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placing,  fastening  and  preliminary  stretching  of  the  reinforce¬ 
ment  bundles  within  the  limits  of  one  section; 

placing  concrete  supports  with  dimensions  of  5  x  6  x  20  cm  at  the 
points  of  Intersection  of  the  bundles; 

placing  of  channel  forms  into  the  molds  for  letting  through  of 
transverse  bundles  after  concrete  pouring; 
pouring  concrete  into  the  primary  rows; 

removing  tubes  for  transverse  channels  and  preliminary  stretching 
of  the  longitudinal  bundles; 

pouring  concrete  into  secondary  rows; 
pulling  transverse  bundles  through  the  channels; 
tensioning  of  longitudinal  and  transverse  bundles  by  Jacks; 
Injecting  cement  grout  into  the  channels; 

pouring  concrete  into  all  the  engineering  gaps  between  the  sec¬ 
tions  with  simultaneous  closing  of  anchor  installations  of  the  longi¬ 
tudinal  reinforcements; 

pouring  concrete  for  gutter  pavements  with  simultaneous  closing 
of  anchor  installations  in  the  transverse  reinforcements. 


Pig.  116.  Reinforcing  bundles  for  longitudinal 
and  transverse  tensioning,  prepared  for  con¬ 
crete  pouring. 
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It  was  shown  by  experiments  performed  under  production  conditions 
that  extensive  use  should  be  made  of  monolithic  prestressed  wire  rein¬ 
forced  concrete  pavements,  since  they  ensure  the  use  of  flow  construc¬ 
tion  utilizing  Integrated  mechanization  of  all  the  processes. 

Prestressed  pavements  with  bundle  reinforcements  do  not  lend 
themselves  to  Integrated  mechanization,  and  many  operations  are  per¬ 
formed  manually.  These  operations  include:  Insulation  of  the  reinforce¬ 
ment  bundles;  supplying  and  placing  of  bundles  at  the  section.  Instal¬ 
lation  stretching  at  the  section;  installation  stretching  of  the  bun¬ 
dles;  placing  of  tees  for  injecting  cement  grout  Into  the  bundle's 
channels,  placing  into  the  primary  rows  of  devices  for  forming  channels 
for  the  transverse  bundles,  pulling  the  transverse  bundles  Into  the 
channels  and  insulating  them  in  the  secondary  rows,  tensioning  the  bun¬ 
dles,  Injecting  cement  grout  Into  the  bundle  channels,  insulating  the 
anchoring  devices,  pouring  concrete  into  the  design  gaps,  etc. 

Favemtns  with  bundle  reinforcements  are  not  being  extensively 
used  at  the  present  stage. 

65.  SAFETY  MEASURES  AND  CONTROLLING  THE  WORK  QUALITY 
Safety  Measures 

All  the  equipment  used  for  tensioning  the  reinforcements  should 
be  tested  for  strength  at  the  work  site  before  using. 

Both  ends  of  the  section  should  be  connected  by  communications 
for  mutual  information  and  timely  warning  of  persons  observing  the 
state  of  the  equipment  when  tensioning  the  reinforcements. 

Before  the  tensioning  facilities  are  started  up,  an  agreed  upon 
sound  signal  is  given  and  a  red  flag  is  raised  at  the  point  where  the 
tensioning  equipment  is  located. 

A  fence  of  signs  warning  about  the  beginning  the  tensioning  oper¬ 
ations  is  placed  over  the  entire  length  of  the  section  each  50  meters 
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between  the  anchor  slabs  where  the  wires  are  stretched,  to  both  sides 
of  the  row. 

Boards  30-40  ran  in  cross  section  are  placed  before  tensioning 
over  the  entire  section  each  10  meters  on  top  of  the  wires  to  be 
stretched  and  each  2  meters  at  one  plate  adjoining  the  point  at  which 
the  tensioning  facilities  are  situated. 

Standing  on  the  stretched  wire  after  the  reinforcements  have  been 
tensioned  in  prohibited.  Cross-over  bridges  with  rails  should  be  con¬ 
structed  for  walking  over  the  stretched  wires. 

The  working  pullrods  may  be  fastened  only  after  boards  have  been 
placed  in  a  continuous  layer  between  the  beam  pulley  and  the  end  guid¬ 
ing  mold. 

When  spreading  concrete  on  the  stretched  wlre3  portable  boards 
are  placed  ahead  of  the  concrete  placer  each  5  meters  for  at  least  50 
meters,  and  are  moved  as  the  machine  drives  ahead. 

A  guard  rail  is  constructed  on  the  concrete  placer  from  the  side 
of  wires  not  yet  poured. 

Controlling  the  Quality  of  Work  Performance 

Pinal  grading  of  the  trench,  constructing  the  foundation,  prepara¬ 
tion,  hauling  and  placing  of  concrete  mix  when  constructing  monolithic 
prestressed  airport  pavements  are  performed  in  the  same  manner  as  In 
constructing  nonstressed  reinforced  concrete  pavements. 

Control  specimens  of  the  reinforcement  wires  for  strength  tests 
are  taken  In  the  amount  of  not  less  than  6  pieces  per  each  shipment 
arriving  at  the  construction  site  with  3  specimens  taken  from  each 
shipment  for  bending  tests. 

Not  less  than  5£  of  wire  bundles  supplied  are  subjected  to  check 
measurements  of  the  wire  diameter.  The  allowable  deviations  from  the 
standard  may  not  exceed  0. 1  mm. 


The  design  tension  In  the  wires  Is  checked  by  a  dynamometer  by 
the  value  of  the  elongation  obtained.  The  deviations  of  the  actual 
value  of  tension  in  individual  wires  from  design  specifications  may  not 
exceed  +  10£. 

The  stresses  may  be  transferred  from  the  reinforcements  to  the 
concrete  when  the  concrete  reaches  0. 7  of  its  design  strength  in  the 
case  of  bundle  reinforcements  and  when  it  reaches  0.9  of  the  design 
strength  for  wire  reinforcements. 

A  special  book  is  kept  during  the  construction  of  monolithic  prq- 
stressed  reinforced  concrete  pavements,  in  which  the  results  of  all 
checks  are  recorded  by  persons  responsible  for  the  quality  control  of 
the  construction. 
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Chapter  9 

CONSTRUCTING  PRECAST  REINFORCED  CONCRETE  PAVEMENTS 
66.  GENERAL  CHARACTERIZATION  AND  COMPOSITION  OF  OPERATIONS 

The  use  of  precast  airport  slabs  ensures  complete  Industrializa¬ 
tion  of  the  pavement  construction,  eliminates  the  seasonal  character  of 
operations  and  considerably  increases  the  coefficient  of  utilization  of 
machines  and  equipment. 

Among  the  advantages  that  precast  pavements  hold  over  monolithic 
pavements  we  should  also  count  the  fact  that  they  can  be  produced  at 
plants  of  reinforced  concrete  products,  using  all  the  achievements  of 
the  modern  construction  industry. 

Industrially  prepared  pi*estressed  reinforced  concrete  slabs  are 
used  for  precast  pavements.  The  basic  characteristics  of  typical  slabs 
are  given  in  Table  35. 

The  slabs  are  placed  on  a  prepared  artificial  foundation  which  is  - 
designed  upon  consideration  of  the  climatic  and  hydrogeo logic  condi¬ 
tions  of  the  construction  region. 

Sand,  sand  and  gravel  mixes,  slag,  soil  cement  and  also  crushed 
stone  and  soil  gravel  treated  with  organic  binders  may  be  used  as  ma¬ 
terials  for  artificial  foundations. 

In  placing  slabs  directly  on  a  soil  foundation  a  leveling  layer 
4-6  cm  thick  is  constructed  from  sand.  If  the  foundation  is  made  from 
soil  cement  or  is  treated  by  organic  binding  materials,  then  the  level¬ 
ing  layer  is  made  from  dry  sand  cement  mix. 

typical  slabs,  with  the  exception  of  PAG-IZ  slabs  are  Joined  to- 
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gether  by  welding  at  the  Joint  elements.  For  this  purpose  each  slab 
face  has  two  brackets  which  are  welded  to  the  brackets  of  neighboring 
slabs.  To  form  expansion  Joints  the  slabs  are  left  unwelded  each  15-20 
meters.  Joints  between  slabs  are  filled  with  PN-2  bitumen  mastic.  When 
placing  slabs  into  a  pavement,  tight  adherance  of  the  lower  slab  sur¬ 
face  to  the  foundation  and  evennes  of  the  pavement  surface  must  be  en¬ 
sured. 

Under  unfavorable  hydrologic  conditions,  when  the  design  provides 
for  the  construction  of  open  gutters  on  the  pavement,  they  can  also  be 
produced  from  precast  slabs  on  the  construction  site  yard  in  accord¬ 
ance  with  special  drawings. 

A  shoulder  up  to  1.5  meter  wider  is  constructed  along  the  edges 
of  runway 3,  taxi way 3,  aprons  and  terminals. 

The  work  for  constructing  precast  alab  pavements  (on  a  prepared 
trench)  consists  of  the  following  engineering  processes: 
storing  and  transporting  the  slabs; 
constructing  the  man-made  foundation; 
placing  the  slabs  into  a  pavement; 
constructing  the  Joint  connections. 

The  engineering  arrangement  for  assembly  of  a  pavement  is  given 
in  Fig.  117. 

67.  STORING  AND  TRANSPORTING  THE  SLABS 

The  reinforced  concrete  slabs  are  usually  supplied  from  the  prod¬ 
ucing  plant  to  the  construction  site  warehouse  by  railroad  or,  less 
frequently,  by  trucks. 

In  order  to  ensure  convenient  and  rapid  unloading  of  slabs  from 
railroad  flatcars,  the  length  of  the  unloading  platform  should  be 
slightly  greater  than  the  length  of  the  rolling  stock  being  used. 

Truck  cranes  such  as  the  K-102  or  K-123  are  used  for  loading  and 
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l)  Slab  types  and  reinforcing  system;  2)  dimensions,  meters;  3)  thick¬ 
ness;  cm;  4)  weight,  tons;  5;  reinf  rcements  used,  kg;  6)  prestressed; 

7)  unstressed;  8;  total;  9)  PAG-III.  Longitudinal  prestressed  reinforce¬ 
ments  from  30KhG2S  steel  brand,  14  mm,  transverse  is  ordinary,  5  ran;  10) 
PAG-IV.  Longitudinal  reinforcements  are  prestressed,  3  nun,  transverse 
reinforcements  are  ordinary,  5  nun;  ll)  PAG-IX.  Twin-layer  prestressed 
reinforcements  in  two  directions,  3  mm;  12)  PAG-XV-1.  Longitudinal  rein¬ 
forcements  are  presented,  3  mm,  the  transverse  reinforcements  are  or¬ 
dinary  from  cold  drawn  wire,  5  ran;  13)  PAG-XIV.  Longitudinal  reinforce¬ 
ments  are  prestressed  from  30KhG2S  steel  brand,  14  mm;  14)  PAG-XV.  Lon¬ 
gitudinal  reinforcements  are  prestressed,  3  mm,  the  transverse  rein¬ 
forcements  are  ordinary,  5  mm. 


unloading  work.  The  team  servicing  a  crane  consists  of  5  workers  (1 
operator  and  4  rigging  men).  The  average  productivity  of  cranes  per¬ 
forming  loading  an  unloading  operations  is  100-130  slabs  per  shift. 

The  slabs  are  unloaded  along  the  railroad  tracks  in  one  or  several 
rows.  In  the  construction  site  warehouse  the  slabs  are  placed  in  piles 
on  a  carefully  constructed  platform.  Not  more  than  5-6  slabs  should  be 
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Pig.  117.  Engineering  arrangement  for  assembling  a  pavement,  l)  Damp 
truck  (trucking  In  of  sand);  2)  bulldozer  (leveling  the  sand);  J)  motor 
grader  (rough  grading);  4)  water  sprinkling  machine  (sprinkling;;  5) 
crane  (placing  the  paving  forms);  6)  subgrader  (leveling  and  compacting 
the  sand):  7)  truck  (hauling  In  the  slabs);  8)  crane  (placing  the  slabs); 
9)  truck  (transporting  paving  forms);  10)  crane  (moving  over  the  vi¬ 
brating  unit);  11)  vibrating  unit  (settling  and  leveling  the  slabs);  12) 
electric  welding  apparatus  (welding  the  Joints);  13)  Joint  sealing  ma¬ 
chine;  14)  electrical  brush  and  compressor;  a)  paving  forms;  b)  fin¬ 
ished  pavement;  c)  1st  row;  d)  2nd  row;  e)  3rd  row;  f)  constructing  the 
sand  foundation  and  placing  the  Daving  forms;  g)  direction  of  flow;  h) 
placing  slabs  into  a  pavement;  i)  removing  the  paving  forms;  j)  vibra¬ 
tional  settling  and  leveling  the  slabs;  k)  constructing  Joints. 

placed  one  on  top  of  the  other  In  each  pile,  with  separating  wooden 
spacers  3-4  cm  thick  placed  perpendicular  to  the  long  side  of  the  slab. 
The  lower  place  the  pile  Is  placed  on  10-12  cm  thick  spacer. 

After  unloading,  the  slab  sides  are  primed  by  priming  mastic  us¬ 
ing  a  paint  dispensing  unit.  For  convenience  in  priming  the  distance 
between  the  piles  should  be  not  less  than  0. 8-1. 0  meters. 

The  slabs  are  broughtto  the  point  of  placing  by  trucks:  the  PAG- 
III  and  PAG-IV  slabs  are  hauled  in  by  the  ZIL-150  or  ZIL-164  trucks, 
slab3  PAG -XIV  and  PAG -XV  are  brought  in  by  MAZ-200  trucks  while  seven 
ton  trailers  are  used  for  the  PAG-IX  slabs. 

The  average  productivity  of  trucks  in  hauling  the  slabs  is  given 
in  Table  36. 

The  productivity  of  the  trucks  depends  to  a  large  extent  on  the 
state  of  the  approach  roads.  Previously  placed  pavements  should  be  max- 
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Imally  used  for  the  movement  of  machines  within  the  limits  of  the  con¬ 
struction  area. 

TABLE  36 
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l)  Hauling  distance,  kilometers;  2)  PAG-III  and  PAG-IV  slabs  (weighing 
2.8  tons  on  ZIL-150  or  ZIL-164  side  panel  trucks);  3)  PAG-IX,  PAG -XTV 
and  PAG -XV  slabs  (weighing  from  4  ton3  and  more  on  MAZ-200  trucks  or 
with  the  IVfZ-584  semitrailer);  4)  number  of  slabs  hauled  per  shift, 
pieces. 


68.  CONSTRUCTING  THE  SAND  FOUNDATION 

At  the  present  time  the  3and  foundation  is  the  most  widely  used 
kind  of  main-made  foundations,  which,  alongside  with  other  positive 
qualities,  ensures  comparatively  tight  contact  with  the  slab.  Sand 
foundations  present  the  smallest  resistance  to  temperature  induced  dis¬ 
placements  of  pavement  slabs,  and  also  do  not  lose  strength  when  wetted 
in  the  most  unfavorable  times  of  the  year. 

The  sand  foundation  should,  as  a  rule,  be  constructed  by  using 
the  D-345  subgrader.  The  work  for  constructing  the  sand  layer  consists 
in  filling  and  preliminary  leveling  of  the  sand  layer,  placing  the 
paving  forms,  compacting  and  finishing  the  sand  layer.  Filling  and 
preliminary  leveling  of  the  sand  layer  do  not  in  any  way  differ  from 
operations  performed  in  constructing  monolithic  concrete  pavements. 

Furrows  0.5-0. 8  meters  wide  are  prepared  for  placing  the  paving 
forms  on  the  sand  layer.  The  sand  in  the  furrows  is  leveled,  sprinkled 
if  necessary  to  obtain  maximal  moisture  and  compacted  by  surface  vi¬ 
brators. 
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When  constructing  a  leveling  layer  on  a  foundation  the  paving 
forms  are  placed  directly  on  the  man-made  foundation.  The  paving  form 
sections  are  Installed  by  the  K-32  truck  crane.  Jacks  and  clamps  serve 
as  devices  for  placing,  leveling  and  connecting  the  sections. 

The  proper  placement  of  paving  forms  Is  checked  by  a  leveling 
Instrument  at  each  Joint.  After  the  paving  forms  are  fastened  to  the 
foundation,  the  subgrader  makes  a  trial  pas3  and  the  leveling  Is  re¬ 
peated.  Here  the  deviation  from  elevations  should  not  exceed  3  nm.  The 
thickness  of  the  sand  layer  filled  between  the  paving  forms  Is  checked 
simultaneously  with  checking  the  paving  form  placement.  Final  leveling 
out,  compaction  and  finishing  of  the  sand  layer  are  performed  by  the 
D-345  subgrader. 

The  productivity  of  the  D-345  subgrader  is  up  to  2000  meters  per 
shift.  The  team  consists  of  15  workers.  An  approximate  list  of  mechan¬ 
ization  facilities  in  constructing  a  sand  foundation  is: 

D-345  subgrader  with  a  600  linear  meter  set  of  paving  forms  1 


KPMj-1  water  sprinkling  machine . 1 

K-32  truck  crane  .  1 

D-271  bulldozer . 1 

D-144  (265)  motor  grader  .  1 

ZIL-150  truck  .  1 

1-117  vibrators . 2 

220/36  V,  1.5  kwt  transformers . 2 

PES-15  portable  electric  generator  unit  .  1 


When  constructing  a  leveling  layer  from  sand  and  cement,  the  lat¬ 
ter  are  usually  mixed  directly  on  the  man-made  foundation.  The  sand 
moisture  should  not  exceed  5-6$  and  the  time  interval  between  mixing 
and  placing  the  slabs  should  not  exceed  4-5  hours. 

To  con3tiuct  foundations  for  individual  sitting  places  [aprons] 
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use  Is  made  of  hand  templates,  guiding  rail  molds  and  surface  vibra¬ 
tors.  Work  is  performed  in  strips  not  wider  tha..  12. 5  meters. 

69.  PLACING  THE  SLABS  INTO  A  PAVEMENT 

The  airport  pavement  slabs  are  placed  in  rows  in  the  direction  of 
the  longitudinal  axis  of  the  runway.  The  row  width  is  taken  as  approx¬ 
imately  6.0  meters.  The  slabs  are  placed  into  a  pavement  with  their 
long  side  along  the  principal  direction  of  aircraft  movement. 

Before  the  precast  slabs  of  reinforced  concrete  pavements  are 
placed,  the  pavement  should  be  set  out  in  the  plan.  The  elevations  are 
checked  directly  in  the  process  of  placing  the  slabs  by  a  leveling  in¬ 
strument  and  a  rod  with  a  level. 

Slabs  such  as  PAG-IX  are  placed  by  a  25  ton  capacity  crane  (K-252) 
all  the  remaining  slab  types  are  placed  by  the  K-102  or  K-103  cranes. 
The  K-102  (Pig.  Il8b)  has  a  rating  of  10  tons  for  a  boom  radius  of  4 
meters  and  of  3  tons  when  the  boom  radius  is  10  meters.  The  productiv¬ 
ity  of  K-102  cranes  in  placing  of  slabs  into  a  pavement  is  up  to  800 
2 

meters  per  shift. 

The  truck  carrying  the  slab  should  be  positioned  so  that  the  angle 
of  rotation  of  the  crane  boom  in  the  plan  from  the  truck  to  the  point 
of  placing  be  minimal.  The  slabs  are  placed  from  "the  wheels”  thus 
combining  the  unloading  and  placing  operations.  The  slabs  are  placed 
in  accordance  to  a  stretched  wire  placed  to  one  side  of  the  row  being 
placed.  The  Joint  width  between  adjacent  slabs  may  not  exceed  15  nan, 
and  the  height  difference  cannot  be  greater  than  5  mm. 

The  slab  should  be  lowered  accurately,  so  that  it  touches  the 
foundation  simultaneously  by  its  entire  lower  surface.  The  slab  may 
not  be  moved  in  the  horizontal  direction  after  it  was  placed  on  the 
foundation,  since  this  may  damage  the  foundation.  But,  taking  into  ac¬ 
count  irregularities  which  exist  even  if  the  sand  foundation  surface 
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has  been  most  carefully  leveled.  It  Is  practically  Impossible  to  lay 
a  slab  in  its  place  in  one  trial.  In  order  to  check  the  correctness  of 
the  slab's  placement,  it  is  placed  in  position  and  the  force  is  re¬ 
moved  from  the  cable  for  20-30  seconds.  Then  the  slat  is  raised  and 
the  tightness  with  which  it  adhres  to  the  foundation  is  checked  by  the 
Impression  it  made  on  the  sand.  If  necessary,  microscopic  irregulari¬ 
ties  of  the  foundation  are  corrected  whereupon  the  slab  is  replaced  in 
position.  It  is  sometimes  necessary  to  repeat  these  operations  up  to 
3-4  times.  In  order  to  provide  for  safety  of  work  when  correcting  the 
foundation  surface,  the  slab  should  be  moved  by  3-4  meters  to  a  side. 


Fig.  118.  Placing  of  slabs,  a) 
Engineering  arrangement  for  plac¬ 
ing  of  slabs  by  gantry  cranes;  b) 
placing  of  slabs  by  the  JC-102 
crane,  l)  Placing  of  precast  slabs 
into  a  oavement;  2)  finished  pave¬ 
ment;  3)  final  grading  of  founda¬ 
tion;  4)  compacting  and  grading 
the  foundation;  5)  constructing 
tracks. 


In  order  to  ensure  that  the  slab  be  in  horizontal  position  when 
lowered  onto  the  foundation  the  cranes  are  equipped  with  special  hold¬ 
ing  devices.  One  of  these  devices  is  a  rectangular  crosspiece  with 
hooks  on  cables  or  chains  at  the  corners.  When  the  slab  is  placed  the 
pavement  evennes  is  checked  by  a  3  meter  rod.  The  rods  should  be  put 
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to  a  previously  placed  slabs  and  to  the  new  one,  still  held  In  the 
holding  device. 

After  placing  two  slabs  the  crane  drives  onto  them,  whereupon  a 
final  check  Is  made  of  the  vertical  position  of  the  slabs. 

After  slabs  have  been  placed  on  a  10-15  meter  section  they  are 
compacted  by  pneumatic -tired  rollers  or  by  vibratory  self-propelled 
rollers.  The  above  technique  for  placing  slabs  Into  a  pavement  Is  very 
labor  consuming. 

In  order  to  eliminate  slanting  when  lowering  onto  the  foundation 
the  slabs  can  be  placed  by  two  self-propelled  gantry  cranes  which  move 
over  rails  (suggested  by  A.N.  Zashchepln).  The  gantry  crane  removes 
the  slab  from  the  truck  and  moves  It  In  the  suspended  state. 

The  numerous  raising  and  lowering  operations  are  being  eliminated 
by  adapting  the  vibration  method  for  seating  the  slab3.  In  this  case 
after  slabs  have  been  placed  in  a  section  50-60  meters  long  they  are 
seated  and  leveled  by  a  vibrating  unit. 

The  vibrations  result  In  obtaining  tight  contact  between  the  slab 
and  foundation. 

The  vibrating  unit  Is  placed  by  the  K-102  crane  on  each  3lab  In 
sequence.  The  vibration  time  at  one  position  Is  40-80  seconds.  The 
settling  of  the  slab  after  vibration  comprises  10-12  urn.  The  second 
vibrating  unit  pass  ensures  final  leveling  of  the  slabs. 

Por  leveling  the  slabs  (where  not  properly  seated)  the  vibrating 
unit  is  placed  on  the  Joints.  After  leveling,  the  pavement  is  rolled 
by  2-3  passes  of  a  loaded  MAZ-200  or  YaAZ-210  truck.  Height  differences 
between  adjacent  slabs  after  rolling  may  not  exceed  3  mm. 

It  must  be  pointed  out  that  the  evennes,  even  when  using  the  vi¬ 
bration  seating  method,  depends  to  a  large  extent  on  the  accuracy  with 
which  the  slab3  are  produced  and  on  the  quality  of  grading  and  prelim- 
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Inary  compacting  of  the  foundation. 

In  order  to  ensure  an  even  pavement  surface,  V.M.  Mogilevich  has 
suggested  to  change  the  techniques  used  in  the  work.  According  to  the 
system  suggested  by  him  the  slabs  are  placed  in  the  exact  design  posi¬ 
tion  in  the  suspended  state  and  then  sand  is  supplied  under  them. 

It  is  recommended  that  the  sand  be  supplied  by  the  hyfraulic  meth 
of,  mechanically  or  by  blowing  with  compressed  air.  The  stability  of 
precast  slabs  can  also  be  improved  by  supplying  cement  grout  under 
pressure  under  the  slabs.  This  method  is  advantageous  for  slabs  with  a 
bracket  shaped  profile  of  the  lower  surface. 

70.  CONSTRUCTING  JOINTS 

The  work  of  Joint  construction  consists  in  operations  for  clean¬ 
ing  the  Joint  from  dust  and  dirt,  welding  the  joint  connections,  sec¬ 
ond  cleaning  of  the  Joint  and  sealing  them  with  mastic.  The  dirt,  dust 
and  sand  are  first  cleared  of  sand  and  the  Joint  brackets  are  cleaned 
from  rust  by  metal  hooks  and  steel  brushes.  The  Joint  elements  are  con 
nected  by  welding.  Welding  units  such  as  SAK-2,  0-1,  SAK-25  and  other 
are  used  for  welding.  The  welding  electrodes  should  be  specified  by 
the  design  (usually  of  type  E-42A  or  E-34). 

2 

The  average  productivity  of  a  welding  unit  per  shift  is  up  320  m 
of  pavement.  If  the  gap  between  the  brackets  being  welded  is  up  to  4 
mm,  then  the  welding  is  performed  in  a  single  continuous  seam.  If  the 
gap  is  wider  than  4  mm  an  additional  steel  bar  whose  diameter  is  2-3 
mm  greater  than  the  gap  width  Is  placed  on  the  brackets  and  the  brack¬ 
ets  are  welded  by  two  parallel  seams. 

The  welding  should  be  performed  in  strict  conformance  with  the 
applicable  specifications  for  welding  operations.  After  welding  the 
Joint  connections  the  pavement  Is  rolled  by  2-3  passes  of  a  fully  load 
ed  MAZ-200  or  YaAZ-210  truck.  Joints  with  damaged  seams  are  rewelded. 
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Before  filling  the  Joints  the  vertical  walls  are  again  cleaned  of 
dust,  dirt  and  sand.  The  cleaning  is  done  by  cylindrical  and  disk 
brushes  which  are  placed  in  sequence  on  the  D-378  electric  brush.  The 
final  operation  of  Joint  cleaning  is  blowing  them  through  with  compres¬ 
sed  air  from  hoses  of  the  VKS-A5  self-propelled  compressor  of  the  PKS- 
6M  portable  compressor  Immediately  after  cleaning  the  Joints  are  fill¬ 
ed  with  TsN-2  mastic  heated  to  170°.  The  Joints  are  filled  by  the  D-344 
Joint  sealing  unit.  The  mastic  is  prepared  in  D-124A  portable  bitumen 
boilers. 

The  productivity  of  main  operations  in  constructing  Joints  is 
given  In  Table  37. 


TABUS  37 


* 

Kiiinmnn  palor 

1 

2  ruaTM 

nAnii«^fenAr.Xfv 
3IIAT4V  |^i  n a r-x\^ 

(IAT4X 

3 _ 

tAcmmf 

Owm  mam  Urcrpeutmoa  h-378 
Up iiym  mm a  KCMtipcccopou  ilKOAS 
Immmi  mao*  mmaoumom  11444  . 

%  2000 

7 

8  aso 

im 

4M 

m 

JWI 

SdO 

4» 

lj  Designation  of  operations;  2)  slabs;  3)  PAG;  4)  and;  5)  productivity, 
mvshift;  6)  cleaning  the  Joints  by  the  D-378  electric  brush;  7)  blow¬ 
ing  the  Joints  through  by  the  VKS-A5  compressor;  8)  sealing  the  Joints 
by  the  D-344  Joint  sealing  unit. 

The  quality  of  all  kinds  of  operations  should  be  controlled  in 
accordance  with  applicable  technical  specifications. 
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Chapter  10 

CONSTRUCTING  PREFABRICATED  METAL  PAVEMENTS 
71.  CHARACTERIZATION  AND  COMPOSITION  OF  OPERATIONS 

Metal  pavements  are  used  at  airports  for  agricultural,  sanitation 
and  forest  aircraft,  and  also  at  temporary  airports  In  regions  where 
large  Industrial  enterprises  and  hydraulic  Installations  are  being 
constructed. 

The  pavement  planks  are  fabricated 
by  cold  stamping  from  08KP  sheet  steel. 
To  Increase  their  rigidity,  the  planks 
are  designed  with  longitudinal  ribs.  The 
PMP-1-53  planks  are  pierced  by  50  nm 
holes  in  planks  such  as  MP-1-51  are  re¬ 
placed  by  spherical  bylge3  in  the  lower 
and  upper  flanges. 

Fig.  119.  Details  of  an  The  planks  are  Interconnected  by  a 

attachment  for  pierced 

planks,  l)  Prefabricated  standard  attachment  made  from  hooks  and 

pavement;  2)  spring  look. 

slots  situated  along  the  edges  of  each 
plank.  The  attachments  are  held  together  by  spring  locks,  three  per  a 
longitudinal  plank  edge  (Fig.  119)* 

The  PMP-1-53  and  MP-1-51  planks  are  interchangeable,  since  their 
geometric  dimensions  and  the  attaching  connection  designs  are  the  same. 

The  MP-2-51  plank3  are  box-like  in  cross  section.  The  planks  are 
interconnected  by  a  one-sided,  dowel-less  attachment.  The  attachment 
Is  locked  by  pressing  the  back  side  of  hooks  into  special  clomping  de- 
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vices 


The  connection  of  K-l  planks  is  also  on<---s'u  ad  and  dowel -less. 

The  ends  of  the  plans  being  connected  are  fastened  by  end  planks. 

In  placing  the  planks  care  should  be  taken  that  the  pavement 
Joints  alternate  which  is  achieved  by  displacing  adjacent  rows  of 
planks  by  a  half -plank.  To  even  out  the  longitudinal  pavement  edges, 
the  set,  in  addition  to  full  planks,  also  has  half  planks.  The  compar¬ 
ative  characterization  of  metal  planks  assimilated  by  cur  Industry  is 
given  in  Table  38. 
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•Taking  into  account  the  spaces  between  the  planks;  K-l  planks  taking 
into  account  the  overlapping  of  ends. 

••Depending  on  the  thickness  of  the  steel  sheet. 

l)  Plank  type;  2 )  overall  dimensions  of  plank,  mm;  3)  placing  dimen¬ 
sions;  4)  sheet  thickness;  5)  the  section  modulus  of  plank,  cm3;  6) 
useful  plank  area,  m2;  7)  plank  weight,  kg;  8)  amount  of  plank3  in 
bundle,  pieces;  9)  weight  of  bundle,  kg;  10)  feasibility  of  removing 
an  individual  plank  from  the  pavement;  11)  length;  12)  width;  13) 
height  of  profile;  14)  old  type  piercing;  15)  is  removable;  16)  MP; 

17)  is  not  removable;  18)  PMP-l-53. 

Foundations  for  use  with  metal  pavements  are  made  from  optimal 
soil  and  gravel  mixtures,  macadam  gravel  and  soil  foundations  treated 
with  an  organic  binder. 

The  types  of  the  man-made  foundation  for  the  design  aircraft  load 
is  chosen  depending  on  the  hydrogeologic  and  climatic  conditions  of 
the  construction  region,  with  mandatory  consideration  of  the  use  of 
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local  construction  materials. 

In  Individual  cases  under  favorable  hydrogeologic  and  soil  condi¬ 
tions,  the  soil  In  its  natural  state  can  be  used  as  the  foundation. 

The  work  of  constructing  metal  pavements  consists  of  the  follow¬ 
ing  production  processes: 

constructing  the  foundation; 

loading  and  unloading  and  transportation  operations; 

setting  out; 

distributing  the  planks  and  assemb lying  the  pavement; 

fastening  the  edges  and  ends  of  the  planks  to  the  foundation. 

The  procedure  for  constructing  man-made  foundations  was  consider¬ 
ed  above. 

The  grading  and  compaction  of  foundations  for  metal  pavements 
should  be  performed  with  particular  thoroughness,  in  order  to  ensure 
contact  of  the  entire  bearing  area  of  the  metal  planks  with  the  dounda- 
tlon  surface.  The  transverse  section  of  man-made  foundations  for  metal 
runways  and  taxi ways  is  usually  of  the  crown -type.  In  order  to  provide 
for  reliable  water  drainage. 

72.  LOADING  AND  UNLOADING  AND  TRANSPORTATION  OPERATIONS 

For  convenience  In  loading  and  transportation,  the  metal  plank3 
and  half -planks  are  staked  in  bundles.  The  planks  are  packed  at  the 
plant  by  four  flat  bars  with  lugs.  Each  such  bar  should  be  passed 
through  the  3th  hole  in  the  plank  counting  from  the  end  and  in  the  3rd 
hole  of  a  half  plank. 

The  metal  planks  are  usually  transported  from  the  producing  plant 
to  the  construction  site  warehouse  on  railroad  flatcars.  18-22  plank 
bundles  are  placed  on  16-20  ton  capacity  flatcars  and  W-46  bundles  are 
placed  on  50-60  ton  capacity  flatcars. 

Side  supports  10-18  cm  in  diameter  with  a  wire  stay  of  3-5  mm  dia- 
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deter  Mins  fastened  to  then  are  constructed  on  the  flatcar* 

The  metal  panics  are  unloaded  fron  the  rail  -  ad  flatcars  and  are 
loaded  onto  transportation  facilities  by  truck  cranes  with  a  special 
rigging  device  (Pig.  120). 


Pig.  120.  Rigging  devices  for  loading  and 
unloading  plank  bundles. 


The  unloading  platform  should  be  prepared  in  time  and  should  be 
well  lighted. 

The  metal  planks  are  transported  from  the  railroad  station  to  the 
construction  area  by  side  panel  trucks,  truck  trailers  and  tractor 
trailers. 

Por  calculating  the  transportation  facilities  needed,  the  amount 
of  plank  bundles  loaded  onto  trucks  can  be  taken  from  Table  39. 

The  planks  should  be  transported  over  paved  and  dry  soil  roads, 
as  a  rule.  In  trucks  with  trailers.  If,  in  addition  to  trucks,  trac¬ 
tors  are  used  for  transporting  the  planks,  two  roads  are  constructed 
to  the  construction  site,  one  of  which  (a  soil  road)  is  made  specially 
for  tractors  with  trailers. 

It  Is  recommended  that  control  and  dispatching  points  be  organ¬ 
ized  for  controlling  the  timely  delivery  of  planks  to  the  construction 
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site,  keeping  count  of  the  planks  and  controlling  their  unloading  at 
specified  points. 


TABLE  39 
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1)  The  numerator  gives  the  capacity  of  trucks 
when  m  ving  over  soli  road3,  and  the  numera¬ 
tor  gives  the  same  Information  when  moving 
over  paved  roads. 

2)  Transporting  the  planks  on  trucks  with 
trailers  13  permitted,  under  ordinary  condi¬ 
tions,  only  over  paved  or  dry  soil  road3. 

l)  Truck  brand;  2)  capacity,  tons;  3)  number  of  plank  bundles  loaded; 
4)  without  trailer;  5)  the  greatest  weight  of  towed  load  in  the  trail¬ 
er  (over  paved  roads);  6)  into  the  body  of  a  truck  without  a  trailer; 
7)  on  trucks  with  trailers;  8)  in  the  body;  9)  in  the  trailer;  10)  to¬ 
tal;  11)  GAZ;  12)  ZIL;  13)  MAZ;  14)  YaAZ. 

73.  SETTING  OUT 

Before  the  metal  planks  are  placed  on  the  prepared  foundation, 
the  operations  are  staked  out  in  accordance  with  the  staking  out  draw¬ 
ing.  The  center  lines  of  metal  runways,  taxiways,  aprons  and  terminals 
are  staked  out  by  a  theodolite  and  laid  out  by  pegs  each  20  meters. 
Temporary  type  III  bench  marks  (See  Pig.  l)  are  placed  at  the  ends  of 
the  center  line  at  a  distance  of  150  meters  from  the  end  of  the  metal 
runway.  The  longitudinal  edges  of  the  metal  runway  are  set  out  by 
measuring  off  the  3trlp  width  from  the  center  line  using  a  steel  tape. 
Measurements  should  be  made  each  500-600,  but  in  at  least  3  points. 

The  longitudinal  edges  of  the  strip  are  laid  out  by  pegs  and  stakes. 

In  addition,  a  theodolite  should  be  used  for  marking  off  transverse 
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lines  for  leading  rows  of  planks  being  placed  at  each  section. 

To  control  the  correctness  of  placement  a  ..cring  or  Hire  should 
be  stretched  along  the  edges  of  the  strip  on  nails  driven  Into  the 
pegs. 

To  decrease  the  work  An  distributing  the  planks,  the  points  where 
the  planks  are  to  be  unloaded  and  stored  are  marked  off  by  stakes  at 
the  locality.  The  plank  bundles  may  be  unloaded  and  placed  directly  on 
the  prepared  foundation  or  at  the  longitudinal  edges  of  the  strip. 

74.  DISTRIBUTING  THE  PLANKS  AND  ASSEMBLING  THE  PAVEMENT 

The  packed  metal  planks  are  unloaded  at  the  construction  area, 
and  laid  out  in  rows  with  the  long  sides  perpendicular  to  the  longitu¬ 
dinal  axis  of  the  metal  runway.  The  planks  are  distributed  manually 
using  special  hooks.  When  placing  pierced  planks  such  as  PMP-1-51  the 
hooks  of  adjacent  planks  should  face  opposite  directions.  The  rate  at 
which  the  planks  are  laid  out  should  be  such  that  the  operations  be 
approximately  0.5  hours  ahead  of  the  pavement  assembly  work. 

In  order  to  ensure  a  continous  pace,  the  distributors  should  lay 
each  tenth  row  in  two  layers.  This  is  made  necessary  by  the  fact  that 
during  assembly  of  the  pavement  the  distance  between  placed  and  provi¬ 
sionally  laid  out  planks  increases  by  approximately  the  width  of  one 
plank  each  10  planks. 

The  laying  of  PMP-1-53  and  MP-1-51  planks  begins  with  laying  two 
guiding  rows  which  are  placed  exactly  by  theodolite.  The  planks  are 
lmnedlately  coupled  together  by  dowels  and  are  fastened  to  the  founda¬ 
tion  by  pegs. 

After  the  guiding  rows  have  been  placed  the  following  rows  are 
assembled  in  one  or  both  direction.  Adjacent  plank  rows  are  laid  by 
moving  to  the  right  or  left  through  2-3  planks. 

The  plank  laying  team  consists  of  4  workers.  Two  workers  insert 
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the  hooks  of  the  plank  being  laid  Into  the  slots  of  previously  placed 
planks  and  move  them  as  far  as  they  Mill  go  over  the  entire  length  of 
the  projecting  part  of  the  hook.  The  third  worker  at  this  time  should 
hold*  by  an  assembly  crowbar*  the  previously  placed  row  of  planks  In 
the  same  plane  with  the  row  being  placed.  The  fourth  worker  fastenes 
the  plank  i>y  3-4  dowels.  The  fastening  worker  should  not  be  behind  the 
placing  workers  by  more  than  one  plank.  The  productivity  of  this  team 
i  Is  800*d50  planks  per  shift. 

The  pavement  Is  assembled  In  one  direction  by  a  brigade  composed 
of  teams  of  workers  bringing  up  and  laying  the  planks  and  workers 
charged  with  fastening  the  edge  sections  (Fig.  121).  The  brigade  usual¬ 
ly  has  several  teams  of  placing  workers,  9-12  meters  of  the  pavement 
width  being  assigned  to  one  team. 

The  metal  pavement  is  usually  assembled  simultaneously  In  several 
sections.  The  choice  of  the  number  of  section  depends  on  the  specified 
construction  schedule  and  on  the  availability  of  working  force.  The 
assembly  can  be  performed  by  diverging,  converging  and  inrunning  sec¬ 
tions  (Fig.  122). 

Two  converging  sections  hould  be  Joined  by  normal  Joining  of 
hooks  of  one  row  with  the  slots  of  the  other.  In  order  to  obtain  com¬ 
plete  convergence  of  converging  (or  running  in)  sections,  use  Is  made 
of  design  gaps  provided  for  In  the  plank  attachments.  In  order  to  en¬ 
sure  and  accelerate  the  work  in  connecting  of  converging  or  funning  in 
sections,  it  is  convenient  to  Join  the  planks  by  a  curved  plank  (Fig. 
123). 

When  the  pavement  is  assembled  in  a  number  of  sections,  strict 
geodetic  checks  must  be  kept,  not  allowing  the  plank  placement  to  de¬ 
viate  from  the  center  line  of  the  strip. 

For  Joining  of  taxiways  to  the  metal  runways  the  connecting  Joint 
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Pig.  121.  An  example  of  organizing  the  placing  of  metal  pavement 
planks  into  a  continuous  section,  a)  Through  placing  (in  the  upper 
part  of  the  diagram,  up  to  the  heavy  line  is  shown  a  finished  pavement 
below  this  are  shown  provisionally  placed  planks);  b)  placing  in  sec¬ 
tions  (the  upper  part  of  the  diagram  up  to  the  spacing  shows  a  finish¬ 
ed  pavement,  below  are  provisionally  placed  planks);  l)  Legend;  2) 
edge  fastening  workers;  3)  workers  unpacking  the  plank  bundles;  4) 
workers  inserting  the  dowels  (bars):  5}  earth  diggers;  6)  workers  plac 
ing  the  planks;  7)  plank  bundles;  8)  workers  bringing  the  planks;  9) 
assembly  direction. 


is  covered  by  one  layer  of  planks  which  is  welded  to  the  plates  of  the 
metal  runway.  It  is  also  permissible  to  fasten  the  Joints  together  by 
splices  of  4-5  turns  of  3-5  millimeter  wire  each  75-100  cm.  In  this 
case  the  corners  of  the  plates  must  be  fastened  and  the  splices  must 


be  bent  underneath  the  plank. 

To  ensure  good  contact  when  laying  a 
metal  pavement  from  planks  such  as  MP-2-51, 
It  is  first  necessary  to  loosen  the  founda¬ 
tion  surface  to  a  depth  of  3-5  cm.  The  1 
planks  are  placed  by  moving  to  the  left 
taking  Into  account  that  the  attaching 
Joint  Is  at  one  side  only.  When  placing 
planks  In  two  sections  from  the  middle  the 
guiding  rows  are  connected  by  welding.  The 
first  row  of  planks  Is  Immediately  fasten¬ 
ed  to  the  four. iation  by  wooden  pegs,  which 
are  driven  into  the  ground  through  precut 
holes  In  the  plank. 


Pig.  122.  Schemes  for 
multi-section  assembly 
of  a  pavement.  P)  is  a 
diverging  section;  C) 

Is  a  converging  section; 
H)  is  a  running  in  sec¬ 
tion;  a)  number  of  as¬ 
sembly  sections;  b)  as¬ 
sembly  scheme. 


To  assemble  the  following  planks,  the 
edges  of  the  plank  being  placed  are  insert¬ 
ed  in  the  slots  of  a  previously  placed 
plank,  and  then  the  plank  is  moved  as  far 
as  it  will  go  and  is  then  left.  The  plank 
is  locked  without  dowels. 


If  the  placing  has  -en  performed  properly,  the  gaps  between 
planks  in  the  rows  should  not  exceed  5-6  mm. 

To  Interconnect  metal  planks  such  as  K-l  the  hooks  of  plank3  of 
the  row  being  placed  are  introduced  into  the  slots  of  previously 
placed  planks  and  are  moved  by  the  length  of  the  hook  travel,  which  is 
controlled  by  positioners.  When  the  plank  is  lowered  onto  the  founda¬ 
tion,  the  positioners  of  previously  placed  planks  should  freely  fit 
into  the  corresponding  holes  in  the  perforation  of  the  plank  being 
placed.  The  ends  of  the  plank3  being  Joined  are  fastened  by  special 
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bars  which  are  inserted  into  the  end  slot3. 

Complete  convergence  of  the  extreme  rows  or  planks  of  two  adja¬ 
cent  sections  is  achieved  by  taking  up  the  gaps  in  perforations  and 
slots. 


» 

i  a 


Pig.  123.  Scheme  of  Joining  two  converging  sections  by  a  curved  plank. 

I)  Position  of  planks  before  forming  the  curved  plank;  II)  general 
view  of  the  curved  plank  after  the  section  are  Joined;  III)  scheme  of 
the  curved  plank;  a)  in  one  direction;  b)  in  both  directions;  A)  points 
at  which  the  sections  converge;  B)  meters;  C)  up  to. 

To  ensure  good  contact  when  laying  a  metal  pavement  from  planks 

* 

such  as  MP-2-51,  it  is  first  necessary  to  loosen  the  foundation  sur¬ 
face  to  a  depth  of  3-5  cm.  The  planks  are  placed  by  moving  to  the  left 
taking  into  account  that  the  attaching  Joint  is  at  one  side  only.  When 
placing  planks  in  two  sections  from  the  middle  the  guiding  rows  are 
connected  by  welding.  The  first  row  of  planks  is  immediately  fastened 
to  the  foundation  b/  wooden  pegs,  which  are  driven  Jnto  the  ground 
through  precut  holes  in  the  plank. 

To  assemble  the  following  planks,  the  edges  of  the  plank  being 
placed  are  inserted  in  the  slots  of  a  previously  placed  plank,  and 
then  the  plank  is  moved  as  far  as  it  will  go  and  Is  then  left.  The 
plank  is  locked  without  dowels. 


-  370  - 


If  the  placing  has  been  performed  properly,  the  gaps  between 
planks  In  the  rows  should  not  exceed  5 -6  mm. 

To  Interconnect  metal  planks  such  as  K-l  the  hooks  of  planks  of 
the  row  being  placed  are  Introduced  into  the  slots  of  previously 
placed  planks  and  are  moved  by  the  length  of  the  hook  travel,  which  is 
controlled  by  positioners.  When  the  plank  Is  lowered  onto  the  founda¬ 
tion,  the  positioners  of  previously  placed  planks  should  freely  fit 
Into  the  corresponding  holes  in  the  perforation  of  the  plank  being 
placed.  The  ends  of  the  planks  being  Joined  are  fastened  by  special 
bars  which  are  Inserted  Into  the  end  slot3. 

Complete  convergence  of  the  extreme  rows  of  planks  of  two  adja¬ 
cent  sections  Is  achieved  by  taking  up  the  gaps  In  perforations  and 
slots. 

75.  FASTENING  THE  EDGES  AND  ENDS  OF  PLANKS 

The  finishing  stage  In  as semb lying  the  pavement  is  fastening  the 
side  edges  and  ends  of  the  metal  runway  to  the  foundation. 

Triangular  cross  section  trenches  30-40  cm  deep  are  dug  along  the 
pavement  in  order  to  fasten  the  plank  ends.  The  planks  are  fastened 
each  3  rows  to  the  fourth  by  wire  splices  to  the  anchors.  The  anchors 
are  driven  into  the  soil  so  that  their  upper  ends  be  not  less  than  8- 
10  cm  from  the  flying  field  surface. 

The  ends  of  metal  runways  are  fastened  by  submerging  the  extreme 
3-4  rows  of  planks  into  the  soil  at  a  45°  angle  to  the  earth's  sur¬ 
face.  The  plank3  are  placed  into  a  trench  with  triangular  cross  sec¬ 
tion  dug  for  this  purpose  and  are  fastened  to  the  earth  by  anchors. 

After  fastening  the  trenches  and  ditches  are  filled  with  soil 
which  is  thoroughly  compacted. 

The  required  *-ools  and  implements  for  assemfc lying  a  metal  pave¬ 
ment  are  the  following; 
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Gas  welding  apparaturs ,  pieces . .  1-2 

Theodolite,  pieces.  .......  .  2 

Leveling  instrument,  pieces  .  ......  1 

Pegs*  pieces . . . .  ICO 

Leveling  rods,  pieces  .  .  4 

Measuring  tapes  (20  meters),  pieces  .  .  2 

Metal  reel  tapes,  pieces . .  10-15 

Iron  wire,  3 *-5  mm  in  diameter,  annealed,  tons  ...  25-30 

Skid,  poles  7-8  cm  in  diameter,  m^ .  35-40 

Staking  out  string,  linear  meters  .  1000-2000 

Rigging  devices  per  each  truck  crane,  pieces.  ...  2 


The  rapid  development  of  the  chemical  industry  makes  it  possible 
to  replace  the  metal  with  plastics,  which  are  much  lighter  and  which 
will  cost  less  than  the  metal  planks. 

76.  CONTROLLING  THE  QUALITY  AND  ACCEPTING  THE  WORK 

The  measurements  and  direction  of  the  metal  runway  are  checked 
systematically  during  assembly  of  the  pavement.  In  order  to  ensure 
correctness  of  the  strip  direction,  the  planks  should  be  placed  In  ac¬ 
cordance  with  a  staking  out  rope,  stretched  along  one  edge  of  the 
strip. 

If  the  center  line  of  the  pavement  being  placed  has  been  dis¬ 
placed  to  one  side,  these  displacements  must  be  reduced  to  approximate¬ 
ly  the  lead  of  the  hooks  and  then  to  displace  each  row  by  one  hook  In 
a  direction  opposite  to  the  displacement  of  the  center  line. 

In  assemb lying  planks  such  as  the  K-l  care  must  be  taken  that  the 
positioners  slide  Into  the  corresponding  holej  in  the  plank  perfora¬ 
tions. 

Of  great  importance  is  the  tightness  with  which  the  planks  adhere 


to  the  foundation,  for  which  reason  overhanging  sections  cannot  be 


tolerated. 

The  presence  of  the  required  amount  of  end  bars  In  each  plate  and 
the  stability  of  fastening  them  13  checked  In  the  case  of  K-l  planks. 
For  the  remaining  plank  types  checks  are  made  of  the  presence  of  the 
necessary  amount  of  dowels  In  each  plank. 

An  acceptance  and  surrender  act  is  made  our  for  the  finished  metal 
plank  pavement. 


I 


Chapter  11 

LANDSCAPING  OPERATIONS 

77.  CHARACTERIZATION  AND  COMPOSITION  OP  IANDSCAPINO  OPERATIONS 

All  sections  of  airports  not  occupied  by  installations  are  sub¬ 
jected  to  covering  with  sod.  This  extensive  use  of  the  sod  cover  is 
due  to  its  high  service  qualities,  low  cost  (in  comparison  with  other 
types  of  man-made  pavements)  and  the  feasibility  of  complete  mechan¬ 
ization  of  operations  for  creating  the  sod  cover. 

The  sod  cover  on  the  flying  field  should  be  formed  by  plants  cap¬ 
able  of  producing  a  uniform  and  thick  herbage,  which  grows  agalns  aft¬ 
er  mowing  and  which  restores  the  sod  cover  damaged  by  taxiing,  accel¬ 
eration  and  passage  of  aircraft.* 

The  methods  and  sequence  with  which  the  lams c aping  operations  are 
performed  depend  on  the  soil  and  climatic  conditions,  and  the  character 
of  earth  moving  and  grading  operations  that  were  performed.  Of  great 
importance  are  proper  times  for  performing  the  different  kinds  of  land¬ 
scaping  operations. 

The  producing  of  a  sod  cover  at  flying  fields  entails  the  follow¬ 
ing  operations: 

cultivating  the  soil; 
introducing  fertilizers; 
sowing  the  flying  field. 

Before  the  landscaping  operations  start  the  flying  field  13  broken 
up  into  individual  strips  (sections),  which  for  convenience  in  work 
should  be  rectangular  if  at  all  possible.  The  strip  dimensions  are  es- 


tabllshed  on  the  basis  of  ensuring  the  movement  and  turning  around  of 
the  tractor  unit. 

In  setting  up  the  scheme  for  the  movement  of  the  tractor  assembly 
It  Is  required  that  the  length  of  Idle  trips  (driving  In  and  turning 
at  the  strip's  edges)  should  be  minimal.  The  motion  of  assemblies  In 
the  strip  should  be  by  the  pass  method  In  which  the  tractor  assembly 
makes  rectilinear  passes  along  the  long  side  of  the  strip  and  the  Idle 
trips  are  made  In  the  transverse  direction. 

The  work  for  covering  airfields  with  sod  Is  performed  in  accord* 
ance  with  the  plan  of  landscaping  measures  which  are  a  part  of  the 
plan  of  organizing  the  work  In  constructing  the  flying  zone  of  the 
airfield. 

Fresowlng  cultivation  of  the  soil  begins  only  after  the  entire 
Integrated  set  of  earth  moving  operations.  Including  the  restoration 
of  the  topsoil  layer,  have  been  completed. 

78.  CULTIVATING  THE  SOIL 

The  main  task  of  presowing  cultivation  Is  loosening  the  upper 
soil  layer,  destruction  of  weeds,  putting  in  of  fertilizers  and  pro¬ 
tection  of  the  soil  moisture.  Cultivation  consists  of  the  following 
operations:  plowing,  harrowing  and  rolling.  In  addition  to  these  It  is 
also  possible  to  use  rototllllng,  which  combines  the  operations  of 
plowing,  disking  and  harrowing. 

The  soil  cultivation  scheme  Is  established  depending  on  the  soil 
conditions,  character. of  earth  moving  operations  at  the  given  section 
and  the  kinds  of  fertilizers  used. 

Schemes  of  soil  cultivation  for  sections  with  and  without  earth 
moving  operations  are  presented  In  Table  40. 


TABLE  40 


Clay,  podzolic  and  ar-  Podzolic,  sand  loam  Black  earth  and 

glllaceous  soils  and  sand  chestnut  soils  (Clay 

_ and  Argillaceous 


Schemes  of  Soil  Cultivation  at  Sections  with  Earth  Moving 


Plowing  or  loosening 
of  soil 

Piling  of  topsoil 


Earth  moving  opera¬ 
tions 

Restoring  the  top¬ 
soil 

Placing  fertilizers 
by  disking  or  shal¬ 
low  plowing 

Rolling  with  a  heavy 
roller 

Presowing  harrowing 


Operations 

Removing  and  piling 
the  topsoil 

Earth  moving  opera¬ 
tions 

Restoring  the  top¬ 
soil 

Placing  of  ferti¬ 
lizers  by  disking 

Rolling  with  a 
heavy  roller 


Presowing  harrowing 


Deep  loosening  or 
plowing 


Earth  moving  opera¬ 
tions 


Placing  fertilizers 
by  a  cultivator  or 
disk  harrow 

Rolling  with  a 
heavy  roller 

Presowing  harrowing 


Soil  Cultivation  Schemes  for  Sections  Without  Warth  Moving 

Operations 


Plowing  with  placing 
of  fertilizers 


Dressing  the  furrow  by 
disking 

Earrowing  and  minor 
grading 

Rolling  with  a  heavy 
roller 

Presowing  harrowing 


Disking  to  a  depth 
of  10-12  cm  with 
placing  of  organic 
mineral  fertilizers 

Harrowing  and  minor 
grading 

Rolling  with  a 
heavy  roller 

Presowing  harrowing 


Plowing  with  placing 
of  fertilizers 


Dressing  the  furrow 
by  disking 

Harrowing  and  minor 
grading 

Rolling  with  a  heavy 
roller 

Presowing  harrowing 


Plowing 

Plowing  produces  the  most  favorable  conditions  for  accumulating 
In  the  soil  of  moisture  and  nutrients  necessary  for  the  springing  up 
and  development  of  seeds  of  sod  producing  grass.  Plowing  of  the  soil 
should  ensure  the  creation  of  a  loose  plowed  layer  and  complete  sub¬ 
mersion  of  weeds,  organic  and  mineral  fertilizers.  Plowing  is  used  at 
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sections  where  no  earth  moving  operations  were  performed  or*  where 
after  the  earth  moving  operations  were  performed  the  soil  remained  un¬ 
loosened.  No  plowing  is  performed  at  sections  with  a  newly  produced 
topsoil  layer  and  at  low -cohesion  sand  loam  and  sand  soils  (If  the 
section  Is  not  seriously  overgrown  with  weeds). 

The  plowing  assembly  Is  set  up  In  accordance  with  the  condition 
of  the  surface*  the  necessary  plowing  depth  and  the  width  of  the  plow 
coverage.  The  number  of  plow  bottoms  in  the  assembly  Is  chosen  so  as 
to  most  completely  utilize  the  tractor  capacity.  The  soil  is  plowed  by 
agricultural  or  brush  plows. 

In  cultivating  the  soil  by  the  method  due  to  T.S.  Mal'tsev  use 
can  be  made  of  the  PR-3-35Ts  plow-cultivators. 

The  depth  of  main  plowing  at  sections  where  earth  moving  work  is 
not  to  be  performed  is  established  depending  on  local  conditions.  In 
nonblack  earth  and  dry  regions  the  plowing  depth  should  be  not  less 
than  18-20  cm.  The  plowing  depth  In  podzolic  soil  Is  only  as  deep  as 
the  topsoil  layer.  Plowing  should  be  performed  when  the  soil  moisture 
Is  within  the  limits  of  40-60$6  of  the  total  moisture  capacity*  when 
the  joll  does  not  stick  to  the  working  surface  of  the  Implement  and 
has  not  begun  to  dry. 

When  plowing  In  the  spring  and  summer*  harrows  are  usually  cou¬ 
pled  to  the  plow. 

In  dry  regions*  In  order  to  accumulate  moisture*  the  plowing*  If 
possible*  should  be  done  In  the  fall. 

The  summer  field  Is  plowed  by  the  pass  (strip)  method*  either 
with  the  backfurrow  on  ridge  or  with  dead  furrow  In  the  channel*  and 
also  with  a  decreased  number  of  dead  furrow  channels  and  backfurrow 
ridges. 

In  plowing  with  the  backfurrow  on  ridge  (Fig.  12^a)  the  unit  en- 
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ters  the  strip  at  the  middle  of  its  narrow  side,  and  the  following 
working  pass  Is  performed  In  a  row  to  the  right  side  of  the  unit's 
path.  In  this  method  the  plowed  furrows  will  be  directed  toward  the 
center,  and  a  backfurrow  la  formed  at  the  middle  of  the  strip. 


Klg.  124.  ?lowlng.  a)  Back  furrow  on  ridge; 
b)  dead  furrow  In  channel;  l)  turning  strip. 


plowing  with  the  dead  furrow  In  the  channel  (Fig.  124b)  the 
unit  er  ers  the  strip  from  Its  edge  at  the  right  side  (from  the  edges 
toward  the  middle).  In  this  method  the  plowed  furrows  will  be  direct¬ 
ed  from  the  middle  of  the  strip  toward  Its  edges  and  a  dead  furrow 
channel  is  formed  In  the  middle  of  the  strip. 

In  order  to  decrease  the  number  of  dead  and  back  furrows  It  is 
advantageous  to  plow  three  strips  (Fig.  125).  In  this  case  first 
strips  I  and  IQ  are  plowed  by  the  backfurrow  on  ridge  method  and  then 
strip  II  is  plowed  by  the  dead  furrow  In  channel  method.  To  place  the 
furrows  In  one  direction  it  is  advantageous  to  use  a  reversible  plow 
such  as  PO-5-35  which  is  designed  to  work  with  an  electric  tractor. 
After  the  entire  section  is  plowed  the  turning  strips  are  plowed  by 
longitudinal  passes.  In  order  to  decrease  the  length  of  idle  trips, 
the  plowing  unit  should  be  turned  around  with  the  smallest  radius  pos¬ 
sible  for  the  given  unit. 


As  was  noted,  the  Sumner  field  is  plowed  by  rectangular  strips. 
The  strip  length  is  assumed  In  accordance  with  the  dimensions  of  the 
cultivated  section  and  the  width  is  determined  depending  on  the  length 
and  composition  of  the  plowing  unit.  The  strip  width  should  be  a  mul¬ 
tiple  of  the  unit’s  coverage  width. 

Before  plowing  starts  the  section  on  the  flying  field  is  marked 
off,  and  then  a  single  bottom  plow  is  used  for  plowing  moderate  depth 
control  furrows  and  for  digging  first  backfurrows  at  odd  [numbered] 
strips  along  lines  I -I  and  II -II. 

The  following  requirements  are  put  to  the  plowing  quality. 


Fig.  125.  Plowing  with  decreasing  the 
amount  of  dead  furrow  channels  and 
backfurrow  ridges  (C  is  the  width  of 
a  strip),  a)  Turning  strip;  b)  work¬ 
ing  length  of  pass. 

Plowing  should  be  performed  In  the  established  agricultural  times 
to  the  given  depth.  Deviations  may  not  exceed  1-2  cm. 

The  topsoil  should  bot  be  Intermixed  with  the  lower-laying  soil. 

The  surface  of  the  plowed  section  should  not  contain  pieces  of 
sod,  vegetation  or  organic  fetllizers. 

Plowing  should  be  performed  in  rectilinear  furrows  without  flaws. 
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All  the  plow  bottoms  should  give  furrows  of  the  same  width  and  depth 
Nlth  a  uniform  comb -like  shape. 

The  plowing  depth  Is  checked  by  a  furrow  measuring  Instrument  or 
ruler  at  least  3  times  per  shift.  The  quality  of  furrow  turning,  ab¬ 
sence  of  flaws ,  submersion  of  remaining  vegetation  and  fertilizers  are 
checked  during  plowing  by  inspection.  Discovered  shortcomings  must  be 
Immediately  eliminated. 

Disking 

Disking  is  used  after  plowing  for  dressing  dense,  cohesive  furrows 
and  for  presowing  cultivation  at  fatty  and  highly  dense  soils.  In  ad¬ 
dition,  disking  can  be  used  for  primary  cultivation  of  low-cohesion 
light  soil  Instead  of  plowing. 

Disking  results  in  loosening  of  soil  without  turning  the  culti¬ 
vated  layer,  and  also  In  freeing  the  soil  of  roots  and  vegetation  root 
systems,  Disking  Is  performed  by  tractor  disk  harrows  such  as  HD-3,4 
and  heavy  disk  cultivators. 

The  depth  of  cultivation  by  disk  harrows  is  up  to  12-14  cm  and 
for  heavy  cultivators  It  is  up  to  15-18  cm.  The  disking  depth  Is  ad¬ 
justed  by  loading  and  moving  a  lever  which  changes  the  angle  formed  by 
the  disk  bank  axis  with  the  direction  of  motion.  In  cultivating  sod 
and  peat  layers  good  results  are  obtained  by  disk  harrows  with  ser¬ 
rated  (star-shaped)  disks. 

Disking  should  be  performed  at  the  same  soil  moisture  as  plowing, 
l.e. ,  within  the  limits  of  40-60£  of  the  total  r.olsture  capacity. 

FOr  convenience  In  disking,  the  strip  width  should  be  not  less 
than  150-200  meters.  The  unit  moves  In  passes  by  the  shuttle  scheme. 

The  first  disk  harrow  pass  is  made  In  the  direction  of  the  plow  motion 
and  all  the  following  passes  are  made  In  the  transverse  direction.  The 
number  of  passes  Is  established  depending  on  the  soil  state.  Usually 
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2-3  passes  suffice  for  dressing  of  furrows.  3-4  passes  are  needed  In 
hard  soils.  In  dressing  of  virgin  soil  after  forest  clearing  the  num¬ 
ber  of  disk  harrow  passes  Is  increased  to  4-6  and  more. 

In  addition  to  disk  harrows,  various  cultivators  are  used  for 
loosening  and  mixing  the  soil. 

Tooth-type  cultivators,  with  the  teeth  properly  chosen  and  seated, 
ensure  high  quality  of  intermixing  of  soil  particles,  i.efore  the  work 
start  the  operating  order  of  the  teeth  and  the  sharpness  of  their  cut¬ 
ting  edges  must  be  checked.  Tooth-type  cultivators  are  frequently  used 
for  application  of  mineral  fertilizers. 

Harrowing 

Harrowing  serves  for  additional  cultivation  of  the  surface  of 
plowed  soil  and  for  preserving  the  soil  moisture.  Harrowing  Is  also 
used  for  application  of  mineral  fertilizers  and  3eeds  of  sod  cover 
producing  grass. 

i  Harrowing  is  performed  by  tooth-type  harrows  as  an  operation  sup- 

j  plementary  to  plowing  In  an  Integrated  unit  and  as  an  Independent  op- 

1  eration. 

j 

In  addition  to  tooth-type  harrows.  It  is  also  possible  to  use 
knife,  spring  and  disk  harrows. 

The  coverage  of  one  harrow  section  comprises  about  1  meter,  due 

j 

i  to  the  Insignificant  specific  resistance  of  harrows,  the  width  of  cov- 

I 

erage  using  a  powerful  tractor  can  reach  50  meters.  In  this  case  use 
must  be  made  of  a  special  light  extension  coupling.  The  unit  can  be 
;  assembled  for  harrowing  in  2  traces.  The  coverage  width  when  working 

J 

|  with  the  S-80  tractor  will  be  25  meters. 

I 

I 

I  Harrowing,  as  well  as  plowing,  is  performed  with  the  soil  at  ap- 

tf 

i  propriate  moisture,  since  excessively  moist  soil  will  not  loosen  but 
$  will  be  smeared,  while  insufficient  moisture  will  result  in  excessive 
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dusting.  In  both  cases  the  soil  structure  becomes  poorer  and  the  pro¬ 
ductivity  of  labor  is  also  decreased. 

Harrowing  is  usually  performed  by  the  pass  method  by  the  shuttle 
scheme.  Good  results  are  obtained  by  diagonal  harrowing,  since  due  to 
the  at  an  angle  action  of  the  harrow,  the  furrow  loosens  better. 

The  cross  diagonal  method  of  motion  is  used  lor  harrowing  of  a 
flying  field  by  two  traces  using  a  unit  with  harrows  in  a  single  line. 

In  order  to  eliminate  flaws,  the  paths  should  overlap  by  10-15  cm. 

After  harrowing  the  soil  should  acquire  a  fine  lump  structure  and 
a  leveled  surface.  If  the  surface  obtained  after  harrowing  is  not  suf¬ 
ficiently  level,  additional  smoothing  is  performed.  Smoothing  is  done 
by  specially  made  wooden  or  metal  rakes  or  by  the  back  sides  of  har¬ 
rows. 

Rotatllling 

Ro'**tilling  performs  deep  and  fine  loosening  of  soil,  and  also 
applies  fertilizers  and  other  additions  for  improving  the  soil.  Rota- 
tilling  combines  plowing,  cultivation  and  harrowing  operations  which 
are  performed  by  using  working  elements  in  the  shape  of  knives  or 
hooks  fastened  to  a  drum.  The  depth  to  which  the  soil  is  cultivated  is 
from  3  to  23  cm.  When  the  drum  rotates  the  working  elements  loosen  the 
soil  throwing  it  backwards  to  the  hood  walls.  Hitting  the  hood,  the 
loosened  soil  falls  downward  and  is  laid  behind  the  rotary  tiller  in  a 
uniform  loose  layer. 

Rotatilllng  on  mineral  soils  not  extensively  covered  with  sod  is 
performed  immediately  to  the  required  depth.  In  cultivating  heavy  soils 
with  an  extensive  sod  cover  by  the  Hi-1, 9  rotary  tiller,  a  layer  12-14 
cm  deep  is  cultivated  first  and  the  second  pass  is  produced  to  the  to¬ 
tal  depth  (of  18-20  cm).  If  possible,  a  time  Interval  should  be  estab¬ 
lished  between  the  first  and  second  passes  of  the  tiller,  in  order  for 


the  soil  to  be  aerated  and  dried. 

It  Bust  be  noted  that  cultivating  by  a  rotary  tiller  changes  the 
soil  structure  to  a  considerably  smaller  extent  than  cultivating  of  a 
furrow  by  plowing  with  subsequent  disking  and  harrowing. 

Rolling 

Rolling  is  performed  for  leveling  and  compacting  the  surface  after 
harrowing.  In  compacting  the  soil  favorable  conditions  are  also  pro¬ 
duced  for  raising  the  moisture  to  the  surface  by  capillary  action. 
Rollers  are  used  to  roll  sowed  seed  to  place  them  into  contact  with 
soil  particles. 

Depending  on  local  conditions,  soil  is  rolled  by  smooth  rollers 
weighing  up  to  4-5  tons  and  more  and  by  sheepsfoot  rollers. 

Lighter  drawn  rollers  are  used  for  rolling  of  surfaces  of  heavy 
soils  and  medium  and  heavy  smooth  drawn  rollers  are  used  in  light 
soils.  Seeds  are  usually  Inserted  by  light  wooden  rollers  weighing 
0. 2-0. 3  tons. 

To  maximally  preserve  the  moisture  in  dry  regions  it  is  expedient 
to  perform  the  rolling  by  sheepsfoot  rollers. 

The  soil  moisture  for  rolling  should  be  the  same  as  for  plowing. 
Very  loose  soil  is  first  rolled  by  light  and  then  by  heavy  rollers. 

The  flying  field  surface,  as  a  rule,  is  rolled  by  a  single  pass. 
79.  INTRODUCING  FERTILIZERS 

The  main  tasks  of  presowing  fertilization  is  increasing  the  amount 
of  nutrients  and  also  improving  the  physical  properties  of  the  soil. 

Deficiency  of  nitrogen,  potassium  and  phosphorus  in  the  soil 
weakens  the  vegetation,  slows  down  its  growth,  they  cluster  poorly  and 
die  rapidly.  Of  special  Importance  is  providing  the  grass  with  nutri¬ 
ents  during  the  first  year  of  their  growth. 

The  following  can  be  used  for  fertilizing  the  soil  at  airports: 
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local  organic  fertilizers  (manure,  well  decomposed  nonacid  low 
layer  peat  and  various  composes); 

artificial  mineral  fertilizers  (nitrogen,  phosphorus  and  potasiun). 

For  better  assimilation  of  direct  nutrients  in  acid  reactions, 
the  soil  la  treated  with  lime.  Use  Is  made  for  this  purpose  of  ground 
limestone  ground  dolomites,  marl,  chalk,  lime,  etc.  The  lime  treatment 
also  improves  the  physio-chemical  properties  of  the  soil.  Salinity  and 
alkalinity  of  soil  are  f (Might  by  treating  it  with  gypsum. 

Applying  Organic  Fertilizers 

Manure  is  considered  the  most  valuable  organic  fertilizer  since  it 
contains  all  the  basic  elements  needed  for  nourishing  the  vegetation. 
But  due  to  the  limited  feasibility  of  obtaining  manure,  peat  is  exten¬ 
sively  used  as  a  fertilizer  in  airport  construction.  Not  too  well  dis¬ 
integrated  acidic  upper  layer  peat  should  be  made  into  compost  by  mix¬ 
ing  with  manure,  phosphorus  flour,  lime  and  other  materials.  Well  de¬ 
composed  nonacid  low  layer  peat  can  be  used  as  a  fertilizer  without 
producing  a  compost.  Before  applying  to  the  soil,  the  peat  prepared  for 
fertilization  must  be  aerated  during  10-15  days  to  decrease  its  mois¬ 
ture  content  and  to  oxidize  ferrous  salts  which  it  contains  which  are 
damaging  to  vegetation. 

In  preparing  the  compost  a  peat  layer  20-30  cm  high  is  spread  on 
a  level  area,  which  is  then  covered  by  a  uniform  layer  of  phosphorus 
flour  or  manure.  Then  the  following  peat  layer  is  spread  which  is 
again  covered  by  additives,  which  process  is  repeated  until  a  height 
of  1.0-1. 5  meters  is  obtained.  The  length  of  the  pile  is  from  10  to  30 
meters  and  the  width  at  the  base  is  up  to  2. 0-2.5  meters. 

In  producing  composts  with  phosphorus  flour  1  part  of  phosphorus 
flour  is  used  for  each  40-60  parts  of  aerated  peat  (by  weight).  In 
producing  composts  with  manure  1  part  of  manure  is  used  for  each  4-5 
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parts  of  well  decomposed  peat  (by  weight). 

The  compost  should  be  applied  In  the  spring  or  early  summer, 
since  the  most  active  biological  activity  takes  place  In  the  stunner. 

The  time  for  preparing  compost  with  manure  Is  10*12  months  and  with 
phosphorus  flour  It  Is  2-3  months. 

The  peat  with  the  additions  Is  Intermixed  when  placing  the  compost 
piles.  The  fertilizers  are  applied  to  the  soil  at  the  same  time  it  Is 
cultivated. 

Organic  fertilizers  are  spread  by  the  TOR -7  tractor-drawn  general 
purpose  spreader  (Fig.  126)  or  by  the  NT *2  and  NT-1  manure  spreaders. 
Loaders  NN-0. 3  and  NN-0. 75  whose  working  elements  Is  a  hay  fork  or 
bucket,  are  used  for  loading  the  fertilizers. 

The  fertilizers  sure  applied  by  disk  harrows,  rotary  tillers  or 
other  Implements  uniformly  to  the  entire  depth  of  the  fertilized  layef 
which  Is  taken  as  10*12  cm  for  clay  soils  and  15*18  cm  for  sandy  soils. 
Approximate  rates  of  fertilizer  application  comprise : 

Of  manure: 

In  soils  with  a  low  humus  content.  .  . 

In  soils  devoid  of  humus  . 

Of  well  decomposed  peat: 

in  sandy  soils  . 

In  clay  and  heavy  argillaceous  soils  . 

In  light  clay  and  argillaceous  soils  . 

of  peat  compost . 

Applying  Mineral  Fertilizers 

The  selection  of  kinds  of  mineral  fertilizers  depends  on  local 
soil  and  climatic  conditions,  the  agricultural  state  of  the  section  to 
which  the  fertilizers  are  being  applied  and  the  properties  of  the  fer* 
tlllzers  proper. 


40-50  tons  per  1  hectare 
70-100  tons  per  1  hectare 

200-250  me ter3 ^/hectare 
150-200  meters^/hectare 
100-150  meters^/hectare 
from  50  to  100  tons/hectare 
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Fig.  126.  Diagram  of  the  operation  of  a  1 

fertilizer  transporting  and  spreading 

machine,  l)  Fertilizer;  2)  conveyer;  3)  *  J 

drum;  4)  spreader  rotor.  | 

The  following  are  most  frequently  utilized  as  soil  fertilizers  at 
airfields:  ammonium  sulfate,  ammonium  chloride,  calcium  cyanamlde,  so- 

j 

dium  nitrate,  calcium  nitrate,  etc. ,  from  the  group  of  nitrogen  fer¬ 
tilizers;  superphosphate,  phosphorus  flour,  bone  flour,  Thomas  phos-  j 

j 

phate,  etc.,  from  among  the  phosphorus  fertilizers;  and  sylvlnlte,  po¬ 
tassium  salt,  potassium  sulfate,  etc. ,  from  among  the  potassium  ferti¬ 
lizers. 

Approximate  rates  of  application  of  mineral  fertilizers  to  the 

* 

soil  are  given  in  Table  41. 

Mineral  fertilizers  must  be  stored  in  separate  warehouse  premises, 
protected  from  precipitation  and  from  being  wetted  from  the  bottom. 

The  warehouse  should  have  bins  with  floors  for  storing  wach  kind  of 
fertilizer.  In  dry  weather  the  premises  should  be  periodically  venti¬ 
lated.  Even  under  these  conditions  the  mineral  fertilizers  settle  when 
stored  for  a  long  time,  for  which  reason  they  should  be  dried  and  pul¬ 
verized  before  application. 

Mineral  fertilizers  may  be  supplied  in  the  granular  (grain)  form. 

This  fertilizer  does  not  stick,  it  spreads  well  by  sowing  machines,  ' 

and  1^  days  before  its  application  to  the  soil  a  fertilizer  mixture 
is  made  out  of  it,  consisting  of  2-3  components. 

The  fertilizers  are  spread  by  the  TUR-7  general  purpose  conveyer 
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TABLE  41 
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l)  Soil;  2)  mineral  nutrients  (active);  3)  nitrogen;  4)  phosphorus;  5) 
potassium;  6)  rate  of  application  of  fertilizers,  kg/hectare;  7)  con¬ 
taining  up  to  2 humus  ( Improved ,  as  a  rule,  by  organic  additives,  1. 
e. ,  peat,  silt,  etc.,);  8)  containing  more  than  2j&  of  humus:;  9)  pod- 
solic  sand  loam  and  light  argillaceous;  10)  podsollc  argillaceous  and 
clay;  11)  gray  forest  argillaceous  leached  black  soil;  12)  argillace¬ 
ous;  13)  deep  black  soil;  14)  chestnut. 
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Notes :  l)  The  rates  given  are  for  ground 
limestone,  travertine  or  chalk;  rates  of 
marl  are  used  with  a  correction  coefficient 
of  1.5  for  marl,  0.7  for  roasted  slaked 
lime  and  0.5  for  ncnslaked  lime. 

2.  Lime  fertilizers  are  applied  as  early  be¬ 
fore  the  sowing  as  feasible.  All  fertilizers 
are  used  on  the  sod,  with  the  exception  of 
slaked  and  unslaked  lime,  which  are  applied 
only  In  the  fall. 

a)  pH  indicator;  b)  degree  of  base  saturation,  $£;  c)  approximate  lime 
application  rates,  tons/hectare;  d)  on  sand  sandy  loam  soil;  e)  on  ar¬ 
gillaceous  soil;  f)  on  clay  soil. 
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spreader  and  spreader-type  fertilizer  spreading  machines. 

Mineral  fertilizers  are  Inserted  Into  the  sell  by  tooth  harrows, 
cultivators  or  flsk  harrows. 

Readily  soluble  forms  of  fertilizers  (nitrogen,  potassium,  etc.) 
are  inserted  to  a  depth  of  up  to  2-3  cm  by  toothed  harrows,  or  are  not 
Inserted  at  all,  and  not  readily  soluble  fertilizers  (phosphorus  flour, 
bone  flour,  etc. )  are  inserted  to  a  depth  of  from  10  to  20  cm  by  cul¬ 
tivators  or  disk  harrows. 

It  Is  very  Important  to  apply  the  fertilizers  at  the  proper  time. 
Thus,  It  is  desirable  to  apply  the  readily  soluble  fertilizers  insnedia- 
tely  before  sowing  or  in  two  applications  -  before  sowing  and  before 
germination.  Not  readily  soluble  fertilizers  are  applied  in  early 
spring  or  in  the  fall. 

Lime  should  be  applied  to  soil,  as  a  rule,  in  the  fall  simultane¬ 
ously  with  the  basic  cultivation  of  the  soil,  but  not  later  than  a 
week  before  the  grass  is  sowed. 

In  order  to  ensure  uniformity  of  application,  the  lime  fertiliz¬ 
ers  are  applied  to  the  soil  by  special  spreaders.  Ordinary  fertilizer 
spreaders  may  also  be  used.  Approximate  rates  of  application  of  lime 
materials  are  given  in  Table  42. 

The  lime  fertizers  are  inserted  by  blade-type  implements  to  the 
total  depth  of  the  layer  being  cultivated  with  subsequent  disking. 

80.  SOWXNQ  THE  FLYING  FIELD 

Flying  fields  are  sowed  by  a  mixture  of  perennial  grass;  the  sow¬ 
ing  operation  is  repeated  over  a  number  of  years.  Airport  grass  mix¬ 
tures  are  usually  compounded  from  3-6  kinds  of  grass.  In  choosing  the 
grass  mixture  it  is  important  to  know  the  characteristics  of  the  grass, 
their  relation  to  the  soil,  climate  and  operational  conditions.  Creep¬ 
ing  stem  and  rhlzomlc  grass  are  most  extensively  used  as  sod  producers. 


Creeping  stem  grass  (fescue,  wheat  grass,  timothy,  couch  grass, 
etc. ,)  upon  developing  form  a  highly  branched  and  thick  network  of  fi¬ 
brous  roots.  Their  tillering  [sic]  nodules  are  situated  below  the  soil 
surface,  due  to  which  they  stay  alive  In  the  case  that  the  herbage  Is 
damaged  by  aircraft  wheels  or  by  temperature  effects  of  a  Jet  engine 
and  retain  their  capacity  for  producing  new  shoots. 

Rglzomlc  grass  (Kentucky  blue  grass,  brome  grass,  quack  grass, 
etc.),  also  have  tillering  nodules.  These  grasses  form  a  quite  thick 
and  extensive  root  system. 

Normal  development  of  rhlzomlc  grass  requires  loose  soil,  with 
good  air  penetration.  Creeping  stem  grass  can  develop  normally  also  In 
more  dense  soil,  which  is  the  reason  why  they  are  most  extensively 
used. 

The  kinds  of  seeds  and  the  seeding  rates  are  given  In  the  land¬ 
scaping  operations  plan.  Before  the  flying  field  Is  sowed  checks  must 
be  made  of  the  quality  of  available  seeds,  the  design  sowing  norms 
must  be  corrected  In  accordance  with  the  seed  quality  and  the  grass 
mixture  should  be  made  up. 

Storage  of  Seed3  and  Checking  Their  Quality 

Only  certified  seed  (not  lower  than  the  III  class)  may  be  used 
for  producing  a  sod  cover  for  flying  fields.  The  sowing  qualities  of 
basic  seeds  of  grass  herbage  are  given  in  Table  43. 

Warehouse  premises  must  be  prepared  in  time  for  storing  seeds 
supplied  to  the  airport.  The  warehouses  should  be  dry  and  clean,  with¬ 
out  cracks  In  the  walls  or  roof.  To  protect  the  seeds  from  moisture 
and  from  rodents  the  warehouse  floor  is  raised  by  0. 5-1. 0  meters  from 
the  ground  surface.  The  warehouse  premises  should  be  provided  with 
closable  holes  (air  holes,  air  vents,  etc.). 

The  seeds  may  be  stored  in  the  warehouse  In  the  packing  or  they 
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The  seeds  may  be  stored  In  the  warehouse  in  the  packing  or  they 
may  be  kept  in  the  loose  state  in  bins.  The  moisture  content  of  sack 
stored  dry  grass  seeds  may  not  exceed  15f6  and  for  leguminous  plants  it 
stay  not  exceed  13&.  Sacks  with  seeds  of  each  kind  of  grass  and  of  each 
shipment  are  placed  in  separate  piles  up  to  2  m  high.  When  storing  the 
seeds  in  the  loose  state  they  may  be  filled  into  the  bins  is  layers  not 
exceeding  1.25  with  the  permissible  moisture  content  not  exceeding 
If#.  If  the  moisture  content  is  higher  the  layer  height  must  not  exceed 
0. 2-0. 5  meters.  Not  sufficiently  dry  seeds  must  be  dried  in  the  sun  or 
in  a  well  ventilated  place  before  piling. 

When  accepting  the  seeds  each  batch  mu3t  be  weighed.  In  addition 
a  thorough  check  must  be  made  to  determine  whether  the  batch  contains 
spoiled  seeds,  which  is  determined  by  the  smell  of  rotting  and  stale¬ 
ness.  Systematic  care  must  be  organized  of  the  seeds  stored  in  the 
warehouse,  which  consists  in  ventilating  the  premises,  shoveling  of 
seeds  in  the  bins  and,  if  necessary,  in  additional  drying. 

It  must  be  kept  in  mind  that  the  quality  of  seeds  changes  on  pro- 
longued  storage  and  their  germinating  capacity  may  drop.  Por  this  rea¬ 
son  it  is  not  permitted  to  issue  from  the  warehouse  seeds  for  sowing 
without  checking  them  for  their  germinating  power  and  purity.  The  qual¬ 
ity  cf  the  seeds  is  checked  not  earlier  than  a  month  before  sowing.  It 
should  be  performed  by  analysis  in  the  seed  control  laboratory  of  lo¬ 
cal  agricultural  organizations,  or  in  the  construction  organization 
laboratory  in  accordance  with  generally  accepted  methods. 

An  average  sample  of  seeds,  taken  from  each  uniform  batch  of 
these  seeds  is  sent  to  the  laboratory  for  analysis.  Norm  data,  used  in 
agriculture  are  utilized  for  determining  the  agricultural  suitability 


Correcting  the  Sowing  Rates  of  Seeds  and  Composing  the  Qrass  Mixture 

In  calculating  theoretical  sowing  norms  use  Is  made  of  hundred 
percent  or  average  agricultural  suitability,  which  usually  differs 
from  the  actual  suitability  of  seeds  available  at  the  construction 
site.  Por  this  reason  the  composing  of  grass  mixtures  should  be  pre¬ 
ceded  by  correcting  the  design  sowing  rates  using  as  a  basis  the  actu¬ 
al  agricultural  suitability  of  the  component  seeds. 

If  the  design  sowing  rate  was  calculated  using  hundred  percent 
agricultural  suitability  of  seeds  as  a  basis,  then  the  actual  seed 
rate  can  be  determined  by  the  formula 


where  is  the  actual  (sowing)  rate  of  seeds,  kg/hectare;  is  the 
actual  agricultural  suitability  of  seeds,  #  and  N  is  the  design  rate 
of  seeds,  kg/hectare. 

In  calculating  the  design  sowing  rate  for  the  average  (class  III) 
agricultural  suitability,  the  actual  seeding  rate  is  determined  by  the 
formula 

*•  -  Tf • 

where  C8r  is  the  average  agricultural  suitability  of  seeds,  #. 

The  seeds  are  usually  acquired  by  a  planned  order,  for  which  rea¬ 
son  the  quantity  of  seeds  brought  to  the  construction  site  should  ex¬ 
ceed  that  calculated  in  the  plan  by  15-20#. 

If  seeds  remain,  they  are  used  for  subsequent  supplementary  sow¬ 
ing. 

It  i3  advantageous  to  tabulate  the  calculated  data  in  tables 
which  give  the  percentage  composition  of  the  grass  mixture,  the  re¬ 
quired  quantity  of  seeds  for  operational  sections  and  for  the  entire 
flying  field. 
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TABLE  43 


» 


i 


£ 


l)  Grass  designations;  2)  basic  seed  quality  Indicators,  $ (;  3)  class; 

4)  nuicber  of  seeds  of  the  basic  culture  (purity);  5)  germination,  not 
less  than;  6)  agricultural  suitability  of  II  class  seeds  (average);  7) 
high -standing;  8)  mixed  orchard  grass;  9)  wheat  grass;  10)  brome  grass; 
llj  foxtail;  12)  meadow  fescue  grass;  13,  creeping  quack  grass;  14) 
high -standing  rye  grass;  15)  timothy;  16)  low-standing;  17)  meadow 
grass;  18)  red  fescue  grass;  19)  white  bent  grass;  20)  ordinary  bent 
grass;  2l)  grazing  rye  grass. 


A  grass  mixture  calculated  per  1  hectare  Is  prepared  not  earlier 
than  1-2  days  before  sowing  in  a  quantity  necessary  for  sowing  the 
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given  section.  The  seeds  are  sowed  not  all  together,  but  by  groups. 

The  first  group  consists  of  large  seeds:  brome  grass,  meadow  fescue 
grass,  wheat  grass,  noncreeping  quack  grass,  etc.  The  second  group 
consists  of  fine  seeds:  timothy,  meadow  grass,  white  bent  grass,  clo¬ 
ver,  alfalfa,  etc. 

If  the  grass  mixture  consists  of  seeds  of  the  first  and  second 
groups,  then  two  separate  mixtures  are  prepared.  The  seeds  are  weighed 
in  calculated  quantities,  spilled  onto  a  pile  and  thoroughly  mixed. 

The  grass  mixture  is  prepared  on  a  level  area,  covered  by  tarpaulins 
or  on  a  floor. 

To  Improve  the  sowfng  quality,  ballast  material,  such  as  for  ex¬ 
ample,  dry  peat  crumbs,  dry  sawdust  or  millet  shells,  should  be  added 
to  a  ‘Trass  mixture  in  which  nonfree  flowing  seeds  (high  rye  grass, 
foxtail,  brome  grass)  predominate.  Ballast  Is  also  added  In  those 
cases  when  the  amount  of  seeds  by  weight  is  so  insignificant  that  they 
cannot  be  uniformly  sown  by  sowing  machines..  The  rate  at  which  the 
ballast  is  added  is  established  depending  on  the  type  of  seed3,  the 
sewing  machine  type  and  the  sowing  rate.  A  ballast  addition  norm,  once 
used,  should  not  be  used  without  changes  during  the  entire  sowing  of 
the  given  grass  mixture. 

In  order  to  ensure  uniform  mixing,  the  3eeds  should  be  mixed  with 
the  ballast  in  small  batches,  weighing  approximately  20-30  kg.  The 
proportioning  is  by  weight. 

Before  being  introduced  into  the  mixture,  the  ballast  material  is 
thoroughly  dried  and  presifted  through  a  sieve  with  5 -6  ran  holes.  The 
correctness  of  the  grass  mixture  thus  composed  should  be  checked  by 
workers  in  the  laboratory  for  each  batch.  For  this  purpose  a  weighing 
sample  weighing  5-10  grams  is  picked  from  an  average  sample,  spilled 
on  a  sheet  of  clean  paper  and  thoroughly  sorted  by  kinds.  Then  the 


393  - 


seeds  of  each  kind  thus  picked  are  neighed  scp_  ately  on  the  same 
scales.  The  percentage  content  by  weight  of  Individual  seed  kinds  In 
the  mixture  Is  determined  by  the  formula 


where  a  Is  the  percentage  content  of  seeds  of  the  kind  making  up  the 
mixture;  P  Is  the  weight  of  seeds  of  the  kind  making  up  the  mixture, 
grams;  and  .  .  ,  +pa  Is  the  sum  of  weights  of  seeds  of  in¬ 

dividual  kinds  making  up  the  mixture. 

The  deviations  from  the  necessary  specified  weight  may  not  exceed 

5& 

Sowing  the  Seeds 

The  main  tasks  of  the  sowing  operation  Is  uniform  spreading  of 
seeds  over  the  area  of  the  flying  field  and  inserting  them  to  the  nec¬ 
essary  depth,  which  creates  the  most  favorable  conditions  for  swelling 
and  sprouting  of  seeds  and  for  their  subsequent  development. 

The  following  agricultural  requirements  must  be  satisfied  during 
sowings 

timeliness  of  sowing; 

uniform  sowing  of  seeds  over  the  flying  field  area  in  conformance 
with  the  established  rate; 

uniform  and  complete  Insertion  of  seeds  Into  the  moist  soil  layer 

1 

to  the  specified  depth; 

absence  of  flows  and  excessive  sowing; 

the  sowed  fly:.ng  field  should  have  a  level  surface. 

The  seeds  are  sowed  in  cultivated  soil  after  the  necessary  ferti¬ 
lizers  have  been  placed  on  it. 

The  seeds  are  sowed  Immediately  after  cultivation  of  the  soil, 
but  not  later  than  the  following  day. 
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The  best  time  for  spring  grass  sowing  is  the  period  of  sowing 

I 

spring  crops  in  the  given  region. .  The  fal.  sowing  coincides  with  the 
sowing  of  winter  grains.  But  good  results  can  be  also  obtained  when 
sowing  at  different  times,  provided  that  the  geographical  conditions 
of  the  construction  region  are  taken  into  account.  Within  the  limits 
of  the  best  times  enumerated  above,  the  sowing  of  grass  mixtures 

I 

should  be  performed  close  to  the  rainy  period.  The  fall  sowing  may 
give  good  results,  if  enough  time  is  left  for  sprouting  of  seeds  and 
|  development  of  shots  before  the  frosts  start.  When  sowing  immediately 

I 

before  the  winter,  the  grass  seeds  should  remain  in  the  soil  through- 

i 

|  out  the  winter  without  germinating.  For  this  reason  the  pre-winter 
sowing  of  grass  is  permitted  only  in  regions  where  stable  frost  condi- 

* 

|  tions  ensure  Immediately. 

1 

l  The  following  are  the  most  favorable  times  for  grass  sowing: 

! 

|  Kola  peninsula,  Karel 'skaya  ASSR,  Spring 
i  northern  part  of  Arkhangel* skaya 
f  oblast 

Belorussian,  Lithuanian,  Latvian,  Early  spring,  fall  (not  later 

Estonian  SSR  and  the  right  bank  than  the  time  for  sowing  of  win- 

region  of  the  Ukrainian  SSR,  the  ter  crops)  and  the  summer  in  the 

Leningrad,  southern  part  of  the  rainy  period 

Arkhangelsk  and  other  oblasts  of 

the  European  part  of  the  USSR  to 

the  boundaries  of  the  Kurskaya 

and  Vorone zhskay a  oblasts  and  the 

Mordvinian  and  Tatar  ASSR 

Southearn  and  south-eastern  ob-  Fall  (not  later  than  the  time 

lasts  of  the  European  part  of  the  for  sowing  of  winter  grains), 

USSR,  to  the  east  of  the  Dneper  early  spring  (first  4-5  days  aft¬ 

er  sowing  of  early  spring  crops 

North-eastern  oblasts  of  the  Eu-  Late  spring  and  beginning  of  sum- 
ropean  part  of  the  USSR  with  a  mer  (up  to  15  June) 

more  severe  climate  (Sverdlovs- 
kaya,  Kirovs kaya  oblasts) 

Western  Siberia  Early  spring,  summer  (July)  and 

early  fall  (15  days  before  sow¬ 
ing  winter  grains) 

Early  spring,  simmer  (from  the 
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Eastern  Siberia 


middle  c*  July  to  middle  of  Au¬ 
gust) 

Early  spring,  summer  (August) 


Par  East 

Asia  Minor  Early  spring  and  the  fall -winter 

period. 

Seeds  of  leguminous  grass  are  characterized  by  comparatively 
frail  shoots,  for  which  reason  it  Is  recommended  that  they  be  sowed  in 
all  the  zones,  as  a  rule,  only  in  early  spring. 

The  seeds  are  sowed  by  the  throw  method,  which  gives  continuous, 
uniform  grs^s  shoots.  When  sowing  by  the  row  method,  the  space  between 
rows  remains  unseeded  and  serves  as  a  source  of  dust  and  dirt  during 
the  airport  operations.  Por  this  reason  the  row  sowing  method  can  be 
used,  as  an  exception,  only  at  safety  strips. 

The  CZT-47  grain  and  grass  sowing  machines  are  used  for  sowing  by 
the  throw  method.  Hie  TK-7  manure  spreaders  and  the  SD-24  row  disk  sow¬ 
ing  machines  can  also  be  used. 

When  sowing  grass  by  the  throw  method  using  the  row  sowing  ma¬ 
chines,  the  colters  are  removed  and  a  spreading  board  is  mounted  in¬ 
stead  directly  beneath  the  3eed  distributing  apparatus. 

The  flying  field  Is  sowed  by  rectangular  strips,  whose  dimensions 
are  calculated  so  that  all  the  sowing  operations  can  be  completed  in  a 
single  day. 

To  ensure  rectilinear  motion  of  the  sowing  unit,  use  should  be 
made  of  markers.  The  right  front  wheel  of  the  tractor  is  directed  along 
the  line  of  the  markers,  and  when  working  with  a  crawler  tractor,  the 
external  or  Internal  edge  of  the  right  crawler  is  aligned  with  the  line. 
Before  the  work  starts  the  adjustment  of  the  sowing  machine  to  the 
specified  sowing  rate  must  be  checked.  Checking  is  performed  by  filling 
the  seed  box  with  a  control  quantity  of  seeds  by  weight,  calculated  for 
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sowing  they  are  In  a  single  loop. 

The  necessary*  control  quantity  of  seeds  is  calculated  by  the 
formula 


where  K  is  the  control  quantity  of  seeds,  kg;  B  is  the  width  of  the 
sowing  machine  coverage,  meters;  /  is  the  strip  length,  meters  and  H 
is  the  sowing  rate,  kg/hectare. 

If  the  seed  being  sowed  do  not  conform  to  the  calculated  norms, 
then  the  position  of  the  sowing  regulater  should  be  changed  accordingly 
and  the  check  should  be  repeated.  To  ensure  uniform  sowing  by  the  sow¬ 
ing  machine,  it  should  be  refilled  not  when  entirely  empty,  but  when 
the  box  is  still  filled  to  not  less  than  15-20J&  of  its  capacity. 

The  sowing  rate  provided  for  in  the  plan  is  sowed  in  2  passes  of 
the  sowing  machine,  along  and  across  the  section. 

Large  seeds  are  sowed  first,  and  then  the  fine  seeds  are  spread. 

If  the  sizes  of  the  seeds  making  up  the  grass  mixture  are  the 
same,  then  the  sowing  machines  should  be  adjusted  to  sow  half  of  the 
established  norm  in  one  pass. 

The  depth  to  which  the  seeds  should  be  inserted  Is  established 
depending  on  their  size,  the  soil  type  and  the  climatic  conditions  of 
the  construction  region.  The  depth  to  which  the  seeds  should  be  in¬ 
serted  Into  the  soil  is  given  In  Table  44. 

Large  seeds  are  inserted  into  the  soil  by  tooth  harrows  and  light 
seeds  are  inserted  by  burshwood  rakes.  After  inserting  the  seeds  the 
flying  field  is  rolled  by  light  wooden  rollers  in  1  trace. 

Care  should  be  taken  that  a  continuous  crust  does  not  form  on  the 
soil  surface  after  sowing  the  grass.  A  crust  that  does  form  must  be 

i 

!  immediately  loosened  by  a  light  nail-toothed  harrow  or  with  a  wooden 

i 

j  roller  into  which  headless  nails  are  driven  in. 


-  397  - 


TABLE  44 
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a)  Solis;  b)  regions  with  normal  and  excessive 
moisture;  c)  dry  regions;  d)  seeds;  e)  large; 
f)  fine;  g)  depth  to  which  the  seeds  are  in¬ 
serted  into  the  soil;  h)  clay;  i)  argillaceous; 

J)  sand  loam. 

Mien  using  SZT-47  two -box  grain  and  grass  sowing  machines  it  is 
possible  to  sow  by  the  combined  throw  and  row  sowing  method.  For  this 
purpose  the  large  seeds  are  filled  into  the  large  box  of  the  sowing 
machine,  from  which  they  are  sowed  through  di3k  culters  into  rows  and 
are  filled  with  soil  to  the  required  depth.  Fine  seeds  are  placed  in 
the  small  box  from  which  they  are  3owed  by  the  throw  method  through 
freely  suspended  seed  conduits,  and  are  filled  with  soil  from  ring 
loops  fastened  to  the  sowing  machine. 

A  unit  such  as  the  AZU— 2  (Fig.  127)  can  be  used  for  a  accelerated 
forming  of  a  sod  cover  at  the  flying  field.  The  unit  includes  the  FB-1, 
9  rotary  tiller,  a  mineral  fertilizers  spreader,  a  large  roller  for 
compacting  the  soil  after  the  rotary  tiller  pass,  a  grass  sowing  ma¬ 
chine  and  a  small  roller  for  inserting  the  seeds.  The  unit  is  drawn  by 
the  S-80  tractor. 

8l.  CREATING  A  SOD  COVER  UNDER  SPECIAL  CONDITIONS 

Creating  a  sod  cover  on  sandy,  loess  and  salty  soils  is  a  more 
complex  problem  and  requires  performing  additional  measures. 

On  ordinary  sowing  in  sandy  soils  the  sod  cover  forms  very  slowly 
and  becomes  suitable  for  use  not  earlier  than  in  3-4  years. 
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Pig.  127.  The  AZU-2  unit  for  accelerated  formation  of  a  sod  cover,  l) 
FB-19  oar3h  rotary  tiller;  2)  fertilizer  spreader;  3)  grain  and  grass 
sowing  machine;  4)  large  water  filling  roller;  5)  3mall  water  filling 
roller;  6)  disk  colters. 


Por  this  reason  the  sowing  should  be  preceded  by  Increasing  the 
soil's  cohesion  by  introducing  into  it  local  binding  materials,  i.  e. , 
peat,  peat  compost  or  lake  silt;  the  rate  at  which  these  are  introduced 

| 

is  from  4  to  14#  of  the  soil  layer  subjected  to  improvement.  Lake  silt 

i 

is  usually  U3ed  in  the  form  of  a  silt  suspension. 

I  The  grass  mixture  composition  should  contain  at  least  50#  of 

I 

i  creeping  stem  grasses. 

To  accelerate  the  creation  of  sod  covered  flying  strips  on  sandy 

f 

!  soils,  the  sod  cover  is  sometimes  produced  by  replanting  of  sod  pre- 

j  pared  outside  the  airport  limits.  Before  the  sod  layers  are  placed  the 

1 

subsoil  should  be  loosened  and  fertilized. 

f 

Strips  of  this  kind  of  sod  are  placed  in  rows  tightly  one  against 
the  other  and  the  Joints  are  filled  with  topsoil.  It  is  expedient  to 

!  replant  the  sod  in  the  moist  summer  period. 

| 

I  When  the  natural  texture  of  virgin  loess  soil  is  bared,  it  becomes 
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unstable  and  settle  excessively.  Here  the  se*:-;::  g  can  be  observed  not 
only  under  loads,  but  even  when  the  surface  Is  wetted  by  water.  For 
this  reason  these  soils  must  be  thoroughly  loosened  before  sowing  to 
the  maximally  possible  depth  (not  less  than  25  cm).  In  addition,  the 
soil  is  reinforced  by  binding  materials.  They  are  introduced  into  the 
soil  and  intermixed  by  using  secondary  loosening.  The  loosened  soil 
must  be  abundantly  wetted  and  rolled.  To  rapidly  strengthen  the  soil 
surface  the  grass  mixture  should  include  rapidly  developing  grass,  and 
the  rate  of  sowing  of  perennial  grass  should  be  increased  by  at  least 
a  factor  of  two  as  compared  to  the  standard  rate. 

Physiologically  acid  and  neutral  mineral  fertilizers  are  used  (am¬ 
monium  sulfate,  ammonium  chloride,  superphosphat,  etc.). 

In  dry  regions  it  is  expedient  to  sprinkle  the  surface  in  the 
first  1-2  years. 

When  creating  a  sod  cover  on  salty  soil,  its  properties  must  be 
Improved.  The  main  measures  in  creating  a  sod  cover  on  salty  soil  are 
partial  or  total  removal  of  salt,  selection  of  salt -resistant  grass 
and  the  use  of  organic  and  mineral  fertilizers. 

k 

The  soil  is  desalinated  by  gypsum  applications.  The  rates  of  gyp¬ 
sum  application,  depending  on  the  extent  of  soil  salt  content,  is  taken 
within  the  limits  from  3  to  10  tons/hectare.  Deep  plowing  and  loosening 

of  soil  is  performed  for  the  gypsum  application.  The  grass  mixture 

\ 

should  contain  the  following  salt -resistant  grasses:  creeping  quack 
grass,  sedge  qiack  grass,  wheat  grass,  alfalfa,  etc. 

It  Is  recommended  that  80-100  tons/hectare  of  peat  and  20-40  tons/ 
hectare  of  manure  be  used  a3  the  organic  fertilizers.  The  mineral  fer¬ 
tilizers  used  include  nitrogen,  phosphor  and  potassium  at  full  strength. 
An  important  measure  is  also  organizing  the  draining  of  the  salt  water 
from  the  flying  field. 
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82.  CONTROLLING  THE  QUALITY  AND  ACCEPTING  THE  AGRICULTURAL  OPERATIONS 
The  following  must  be  systematically  controlled  in  performing 
agricultural  operations  for  producing  a  sod  cover  at  the  flying  field: 

/  \  strict  conformance  to  the  established  schedule  for  performing  the 

I 

t  various  kinds  of  operations; 

? 

conformance  to  the  proper  processes  for  cultivating  the  soil,  ap- 

1 

!  plying  the  fertilizers  and  sowing  the  seeds; 

the  quality  of  seeds  and  fertilizers  supplied  to  the  construction 
!  site  and  organizing  their  storage; 

I 

proper  use  of  the  kinds  of  norms  of  the  grass  [seeds]  and  ferti- 
\  llzers  being  spread. 

4 

After  the  soil  cultivation  is  completed,  the  fertilizers  are  ap- 

4 

\ 

I  plied  and  the  seed3  sowed,  the  agricultural  operations  are  surrended 
in  a  preliminary  manner  and  acts  for  filled  over  operations  are  drawn 
I  up* 

Final  surrender  of  agricultural  operations  Includes  establishing 
f  the  quality  of  the  sod  cover  at  location.  The  quality  of  the  sod  cover 

p 

is  estimated  by  the  amount  of  shoots  per  unit  area  in  400  cm  (Table  45). 


l)  Evaluating  the  quantity  of  sod  cover;  2) 
number  of  vegetation  shoots  at  an  area  of 

p 

400  cm  with  domination  of;  3)  low-standing 
grass;  4)  high-standing  grass;  5)  excellent; 
o)  more  than;  7)  good;  8)  satisfactory. 

The  density  of  the  herbage  is  determined  by  a  square  frame  20  x  20 
cm  in  size,  inside  which  the  shoots  are  counted.  Measurements  should  be 
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over  the  entire  area  of  the  flying  field  and  no-  less  frequently  than 
once  per  hectare. 

The  sod  herbage  should  be  uniformly  closed.  If  Individual  sections 

i 

are  bare  without  a  sod  cover  of  with  a  thinned  out  herbage  with  an  area 

greater  than  100  m,  the  sod  cover  is  considered  unsatisfactory  and  the 

defective  sections  must  be  corrected. 

At  the  time  of  acceptance  the  sod  cover  should  have  a  sufficiently 

developed  root  system,  1. e. ,  not  less  than  6o£  of  the  roots  should  be 

located  at  a  depth  of  more  than  15  cm. 

Manu¬ 
script  [Footnote] 

Page 

No. 

37*1  The  purpose  served  by  the  sod  ?over  Is  presented  In  detail  In 
the  book  "Izyskanlye  1  proyektirovanlye  aerodromov"  [Airport 
Surveying  and  Design]  under  the  general  editorship  of  V.F. 
Babkov.  Avtotranslzdat,  1959. 
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